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GEOLOGY AND WATER RESOURCES OF
PORTAGE COUNTY, WISCONSIN

By C. L. R. Horr, Jr.

ABSTRACT

Portage County has abundant resources of generally good quality water and,
although water problems exist locally, depletion or general scarcity of water is
not likely in the foreseeable future.

The county receives annually about 31 inches of precipitation, of which about
21 inches is lost as evaportranspiration. The average annual water yield is
about 10.6 inches and consists of about 10.3 inches of runoff to streams, about
0.2 inch of water which leaves the county as underflow, and about 0.1 inch of
water which is used consumptively.

The surface-water resources include 104 lakes, about 110 miles of streams
that discharge about 600 cfs (cubic feet per second) to the Wisconsin, Waupaca,
and Little Wolf Rivers, and tlie Wisconsin River which has an average flow
of about 2.400 cfs. Extensive deposits of outwash sand and gravel, sandy till,
and alluvium release annually about 460 cfs of ground water to the streams,.

The principal source of ground water is thick deposits of glacial drift that
occur over all but the northwestern part of the county. Although as much as
100 feet of sandstone underlies the drift in the southern part, it is not an im-
portant aquifer. Impermeable crystalline rocks of Precambrian age underlie
all the aquifers and limit the downward movement of water.

The county has been divided into areas having similar geologic and hydrologic
conditions. These areas are here named the “sand-plain province,” the “drift
province,” and the “drift-crystalline-rock province.” The sand-plain province
and the eastern part of the drift province have the greatest potential for develop-
ment of large ground-water supplies. Wells yielding 1.000 to 2,000 gpm (gallons
per minute) can be developed in the sand-plain province and wells yielding
about 500 gpm can be developed in the drift province. Nearly all the communi-
ties in the county have water resources adequate for future expansion. An
exception to this is Junction City where only a limited supply of poor quality
water is readily available. Additional supplies can be developed from ground
water in the Mill Creek area or from the Wisconsin River.

In the sand-plain and drift provinces, ground-water runoff is about 9 inches a
year and surface runoff is about 1 inch a year and of short duration. In the
drift-crystalline-rock province. however, ground-water runoff is about 2 inches
a year and surface runoff is about 8 inches a year and varies greatly in rate
of flow.

Surface and ground water are closely interrelated throughout the county and
constitute a single resource. Streams, lakes, and marshes are the visible part
of the ground-water surface and ground water moves slowly and continuously
toward these surface points of discharge.

1



2 GEOLOGY, WATER RESOURCES, PORTAGE COUNTY, WIS.

Pumping for irrigation has temporarily lowered water levels in the vicinity of
wells but has not lowered regional water levels. Pumpage has intercepted and
utilized some of the recharge that would have been rapidly discharged from the
aquifer, but it has not materially depleted the flow of streams. The 1955-59
decline in water levels and lake stages is attributed to a deficiency in precipita-
tion and not to the increased pumpage from irrigation wells. To prevent excessive
declines in water levels, high-capacity wells should be adequately spaced—about
2,500 feet between wells pumping 1,060 gpm for 90 days.

In the Stevens Point area, heavy pumping of wells near the Plover River
induces recharge to ground water and thus reduces local declines in the water
Ievel.

The chemical quality of ground water is generally good, but, locally, hard
water and undesirable amounts of iron require treatment.

INTRODUCTION

The rapidly increasing use of ground water in Portage County for
industry and agriculture, the expanding population, and the rising
interest in water-based recreation points to the need for a better
understanding of the hydrologic system in the area. Supplemental
irrigation is rapidly becoming an important use of ground water and
may soon become one of the largest.

Geologic and hydrologic conditions create varied water problems in
the county. Abundant water is available in most of the area except
for the northwestern part of the county. Water in some areas has
undesirable amounts of iron, but in nearby areas may be almost free
of iron. The ground water varies from soft to very hard. Pollution
is a present and potential problem in densely populated areas lacking
central sewerage systems.

PURPOSE

Primarily requisites for the intelligent development of ground
water are data on (1) its occurrence and distribution, (2) its recharge,
discharge, and movement, (3) its relation to surface water, and (4)
its quantity and quality. The purpose of this study was to collect, to
evaluate, and to interpret these data in order to gain a better under-
standing of the ground-water resources and water problems of Portage
County and to suggest possible solutions to the problems of unde-
sirable water quality, inadequate water supply, excessive declines in
water level, pollution of water, and conflict of interests. This report
presents an evaluation of the ground-water resources of Portage
County with respect to present and potential use. It is intended for
initial guidance in the future development of water supplies in
the county.

The study of the geology and ground-water resources of Portage
County was begun in 1953 by the U.S. Geological Survey in coopera-
tion with the University of Wisconsin Geological and Natural History
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Survey, as part of a statewide cooperative program of ground-water
studies which was begun in 1946.

LOCATION AND DEVELOPMENT

Portage County is in central Wisconsin and lies between lat 44°14”
and 44°41’ N., and long 89°13” and 89°51” W. (fig. 1). The area is
about 819 square miles or about 524,000 acres, of which about 8,800
acres are lakes and streams. According to the 1960 census, the popula-
tion of the county was 36,964, of which 52 percent lived in rural areas
(U.S. Dept. Commerce, 1960). Stevens Point, the county seat, situ-
ated in the west-central part of the county on the Wisconsin River, is
approximately 112 miles north of Madison and 90 miles west of Green
Bay.

91° Eauke Superior

sl
92° W, Vee

l Superior

- ° &3
W'ls(‘/“]/ts‘])i\d)/ﬁ/ A; ‘3
— <&, MILWAUKEE a3
& MADISON
\ L - Racine
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Area of this report 91° -_..90a o —— v e an 25 €no:

(I) 510 I(I)O MILES

F16URE 1.—Location of Portage County, Wis.
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In the early 19th century, Portage County was the scene of extensive
lumbering operations, and much of the cleared land went into farms
(Wisconsin Dept. Resource Devel., 1961). The Wisconsin River fur-
nished a means of transporting logs and served as a source of power.
Today, forest products are still important to the paper and woodwork-
ing industries in the county, but the timber resources now are derived
from an extensive region which includes Canada.

The principal use of the land in Portage County is for agriculture.
About 75 percent of the land area is in farms and about 20 percent
in forest, and the remainder is occupied by communities, industries,
and roadways. Potato growing and dairying are currently the larg-
est sources of agricultural income.

Manufacturing provides more employment and income than do
agriculture and forestry. Paper making and woodworking are the
principal industries. The production of foods, beverages, and fish-
ing equipment are also important. The county's 104 lakes, 110 miles
of trout streams, and extensive wetlands are important habitats for
fish, waterfowl, and furbearing mammals and provide outdoor enjoy-
ment and recreation for many people. The ready availability of
outdoor recreation attracts an increasing volume of tourist traffic to
the county and contributes to the economy of the area.

CLIMATE

Warm, humid summers and cold, snowy winters characterize the
climate of Portage C'ounty. The average annual air temperature is
44° F, based on 61 years of record, at Stevens Point, elevation 1,113
feet; and 42° F, based on 83 vears of record, at C'oddington, elevation
1,060 feet. Coddington has reported a maximum temperature of
106° F and a minimum of —43° F; similar figures for Stevens Point
are 108° F and —48° F.

The total yearly precipitation averages about 32 inches at Stevens
Point and about 31 inches at Coddington. Precipitation is evenly
distributed throughout the connty, 65 percent of the total falling dur-
ing the growing season which extends from May to September. Win-
ter precipitation is chiefy in the form of snow, the average annual
snowfall being about 43 inches.

PREVIOUS REPORTS

Various aspects of the geology and hydrology of Portage County
are discussed in reports of investigations made in central Wisconsin.
The general geology of the area was mapped and described by Cham-
berlin (1877, 1883), Thwaites (1940), Martin (1932), and Bean
(1949). Thwaites (1943) mapped the Pleistocene geology of the area
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and described the glacial drainage and stratigraphy. Reports contain-
ing information on ground water were prepared by Kirchoffer (1905),
Weidman (1907), Weidman and Schultz (1915), Wisconsin Bureau
of Sanitary Engineering (1935), and Drescher (1956).
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NUMBERING SYSTEM

A three-segment system of letters and numbers is used to designate
the location of wells, springs, and lakes (fig. 2). The county designa-
tion (the first segment) is derived from the county name (Pt, Portage
County). The township designation within the county (the second
segment) is based on the Federal system of land subdivision, and
consists of the township, range, and section number. In Portage
County all townships are north of the base line, and all ranges are
east of the principal meridian. The letter E or W following a section
number is used in oversized sections and indicates the east or west
half of the section. The last segment is a serial number assigned in
the order that the well was inventoried in the county. Serial numbers
of springs and lakes are preceded by the letters S and L, respectively.
Only the serial number is shown on illustrations.

HYDROLOGIC SYSTEM

The hydrologic system in Portage County is not a closed system
within the county, but is a system with many parameters independent
of arbitrary boundaries. The parameters range from storm runoff
entering the Wisconsin River to a cessation of flow in Mill Creek
caused by below-average precipitation; from decreased evapotran-
spiration in drained marshland to increased evapotranspiration in
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TABLE 1.—Water budget for Portage County, Wis.

Area
Inches Acre-feet
Gain—loss=yield per per year Cfs
year Square Acres (1,000)
miles (1,000)

Gain, precipitation - 31.4 819 524 1,375 1,890
Loss, evapotranspiration average. 20.8 819 524 910 1,250
Evapotranspiration, surface wati 31 69 44 110 150
Evapotranspiration, soil water. . - 20 750 480 800 1,100
Yield. e 10.6 819 524 465 640
Runoffaverage. . _._____ . ________________.__ 10.3 819 524 450 620
Wisconsin River_. . 10.2 505 323 275 380
Waupaca River_. 10.5 233 149 130 180
Little Wolf River____ 10.2 81 52 45 60
Ground-water underflo 2% P 10 14
Consumptive use, 1960 .- ... ) PSR P, 5 6

EVAPOTRANSPIRATION

The loss of water to the atmosphere by evapctranspiration from
surface-water bodies, soil moisture, and ground water constitutes an
important part of the hydrologic cycle (fig. 3). Some of man’s uses
of water, such as irrigation with sprinklers, also return water to the
atmosphere and are included with evapotranspiration. In general,
evapotranspiration is greatest from surface-water bodies and least
from areas where evapotranspiration is solely from soil moisture.
The water that leaves the county in streams or by underflow is not
considered water loss because it becomes available to downstream users.

EVAPOTRANSPIRATION OF SURFACE WATER

Evapotranspiration from lakes, streams, and marshes is about equal
to the average annual precipitation. The estimated annual rate of
evapotranspiration from about 44,000 acres covered by surface-water
bodies is about 110,000 acre-feet.

EVAPOTRANSPIRATION OF SOIL WATER

Although the annual evapotranspiration from soil moisture has not
been measured directly in the county, studies by C. B. Tanner (written
commun., 1957) of the net transfer of heat energy between cropland
and the atmosphere near Hancock, Wis., showed that between 20 and
21 inches of water were lost to evapotranspiration. The Hancock
study area is 7 miles south of Portage County and has the same general
soil characteristics, topography, geology, and depth to water table as
in the central and southwestern parts of Portage County.

The difference between average annual precipitation and average
annual water yield, about 20 inches, is assumed to be the average annual
rate of evapotranspiration from soil moisture (table 1). The esti-
mated volume of soil water lost annually by evapotranspiration from
480,000 acres of land surface is about 800,000 acre-feet.
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The average annual rate of evapotranspiration from surface-water
bodies (about 31 inches per year) and from soil moisture and ground
water (20 inches per year) is about 21 inches or about 910,000 acre-
feet (table 1). The annual loss of water through evapotranspiration
is about 66 percent of the average yearly precipitation that falls on the
county.

About 6 inches of precipitation accumulates annually on the surface
in the form of snow and ice. C. B. Tanner (written commun., 1957)
estimates that about 0.5 inch of water per month evaporates from the
snow or about 2 inches during the period of November through March.
The loss of water that evaporates from snow probably is balanced in
part by the gain of water that returns to the land surface as frost dur-
ing cold nights. The evaporation loss is also partly balanced by mois-
ture that condenses out of the warm, humid air into the snow during
periods of rapid snowmelt.

POTENTIAL EVAPOTRANSPIRATION

Direct measurement of evapotranspiration is extremely difficult.
Therefore, an estimate of potential evapotranspiration was made by
using Thornthwaite’s empirical relationship between potential evapo-
transpiration and mean air temperature (Palmer and Havens, 1958,
p. 123-128). Potential evapotranspiration is defined as the amount
of water that would be lost from a surface covered by vegetation if
there were no soil moisture deficiency. By using mean air-tempera-
ture data collected at the Stevens Point and Hancock weather stations,
annual potential evapotranspiration was computed as being about 24.5
inches (fig. 4). Annual potential evapotranspiration from soil mois-
ture is about 5 inches greater than the estimated annual rate of evapo-
transpiration determined from the water budget.

SOIL-MOISTURE DEFICIENCY

A comparison of the estimated potential evapotranspiration with the
measured precipitation at the Stevens Point and Hancock stations
(fig. 4) shows that about 4.5 inches of water would be lost to evapo-
transpiration during June, July, and August, the principal months
of the growing season, if the soil moisture were always at field capacity.
Under nonirrigation growing conditions, soil moisture is generally
below field capacity. Tanner (written commun., 1957) reports that,
when the soil is at field-moisture capacity, plants can extract as much
as 0.8 inch of water per foot of soil. Potatoes, vegetable crops, and
grains extract water from about 2 feet of soil. The potential soil-
moisture deficiency for such crops is therefore about 1.5 inches,
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This deficit of soil moisture is partially replaced during September,
October, and November when precipitation exceeds potential evapo-
transpiration by about 3 inches. In the spring after the snow has
melted and the ground has thawed, precipitation exceeds evapotrans-
piration and soil moisture is at field capacity. When the soil-moisture
capacity of the soil is exceeded, ground water will be recharged and
overland runoff may occur.

Supplemental irrigation replenishes the soil moisture that has
been depleted by evapotranspiration. During the 1960 growing sea-
son, about 5 inches of water was applied by sprinklers to potatoes
and to other crops. This amount of water, applied periodically, re-
stored the soil to its field-moisture capacity, and any excess water
evaporated or returned to ground water. Most of the water used in
1960 for irrigation was returned to the atmosphere by evapotranspira-
tion.

INTERRELATION OF SURFACE AND GROUND WATER

Surface and ground water are so closely related in Portage County
that neither can be considered as a separate source of supply. Changes
in precipitation, recharge, evapotranspiration, discharge, drainage,
and storage are reflected by changes in ground- and surface-water
runoff.

To illustrate the interrelation of surface water and ground water
in Portage County, consider a typical year beginning in January.
At this time of the year the land surface is frozen and covered with
snow, and vegetation is dead or dormant. Streamflow is low and is
derived almost entirely from the ground-water reservoir. The water
table declines because of the lack of recharge and the constant dis-
charge to the streams. The stages of lakes, streams, and water in
wetlands also decline. In the spring, the melting of snow, ice, and
frost in the ground restores soil moisture, recharges ground-water
reservoirs, and runs off on the surface to streams. Water is ponded in
wetlands and a major rise occurs in the water table and in the stages
of lakes and streams. The rate of runoff is high and flooding may
occur.

The growing season begins and water is discharged from the water
bodies by evaporation and from the soil by evapotranspiration. Dur-
ing this season, the ground-water reservoir continues to discharge to
the streams. Because there is little recharge to the ground-water
reservoir, except after heavy extended rains, the water table and lake
stages decline and streamflow decreases.

The discharge of streams during the growing season may fluctuate
daily because evapotranspiration decreases daily the amount of ground
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water that is flowing toward the streams. Ground-water pumpage
increases for nearly all uses.

With the first killing frost in the fall, the discharge of water by
evapotranspiration is greatly diminished. Rainfall rapidly replen-
ishes soil moisture, and an appreciably large rainfall is accompanied
by recharge to the ground-water reservoir, by a rise in the water
table and in the stages of lakes and wetlands, and by increased runoft.
With the freezing of the ground in early winter, the possibility of
recharge ceases, the water table and lake levels decline, and stream-
flow is reduced ; these conditions continue until the next spring thaw.

The interrelations of ground water and surface water must be
understood in planning for the wise management of the county’s
water resources. These same interrelations should be taken into con-
sideration in formulating legislative controls of the diversion of
ground and surface water.

SURFACE WATER

The large flow of the Wisconsin River passes through Portage
County, and the county is drained by numerous other streams. It
also has poorly drained areas that contain many lakes and wetlands
and areas where recharge from precipitation is so rapid that there
is little surface runoff.

The western two-thirds of the county drains to the Wisconsin River
and the eastern third of the county drains to the Waupaca and Little
Wolf Rivers. The bulk of the water that flows to these streams comes
from seepage of ground water along the stream channels, but some
of the water comes from surface runoff during and after storms.

DRAINAGE BASINS

No single boundary such as a topographic divide delineates the
Wisconsin River, the Waupaca River, or the Little Wolf River drain-
age basins as such (fig. 5). Instead, the topographic divides limit
the areas contributing surface runoff to the streams, whereas the
ground-water divides limit the areas contributing ground water. The
ground-water divide between the Wisconsin and the Waupaca River
basins follows the general trend of the Outer moraine, whereas the
topographic divide approximates the trend of the Second moraine
(figs. 5 and 8).

An area of hills and undrained depressions underlies the ground-
water divide and contributes virtually no surface runoff. This non-
contributing area includes about 250 square miles and extends 2 to
3 miles on both sides of the divide. Precipitation not lost to evapo-
transpiration either percolates downward through the sandy soil to
the ground-water reservoir or runs off overland to a depression in the
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land surface. The water stored in the depression moves downward
slowly and recharges the ground-water reservoir during a period of
days.

In the Waupaca River drainage basin, the ground-water contri-
bution comes from an area that is about 36 square miles larger than
the surface-runoff area (fig. 5). In the northern third of this basin,
the area of surface runoff is about 6 square miles larger than the area
of ground-water runoff, whereas in the southern two-thirds of the
basin, the area of surface runoff is about 42 square miles smaller than
the area of ground-water runoff.

The ground-water divides probably approximate the limits of the
drainage basins; they have been used in this report for computations
of runoff from drainage basins and for estimation of the water re-
sources within basins.

The positions of the ground-water divides are not fixed as are the
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topographic divides, but may shift when the amount and distribution
of rainfall is uneven or when water is withdrawn by wells. For all
practical purposes, the divides shift only insignificant distances be-
cause rainfall and recharge are generally constant. But in the Almond
area where pumpage from wells is increasing the ground-water divide
may shift an appreciable distance.

WISCONSIN RIVER BASIN

The Wisconsin River drains two geologically different areas in the
county : the sand-plain area consisting of thick deposits of sand and
gravel, and the northwestern area that has a bedrock surface of
crystalline rock covered locally by a thin layer of drift. Although the
slope of the land is gentle in both areas, the streams from the sand-
plain area have better sustained flow than do the streams draining the
northwestern area.

The sand-plain area, extending over about 302 square miles in
central and southwestern Portage County, is bounded on the east by
the terminal moraines (figs. 8 and 20). The land slopes 3 to 15 feet
per mile west from the moraines (fig. 8) to the Wisconsin River. The
area is drained by the Plover and Little Plover Rivers and the Hay
Meadow Creek in the north and by Buena Vista, Fourmile, and Ten-
mile Creeks, connected to a system of drainage ditches, in the south
(pl.1).

On the basis of 3 years of daily flow measurements made at a gage
at Plover, the average annual discharge from 12 square miles of the
Little Plover River basin is 9.2 cfs, or about 10.4 inches per square
mile. A graph of the duration of flow, figure 6, indicates that
streamflow was derived mainly from ground-water runoff.

The estimated average discharge from the 76 square miles of the
Plover River basin in Portage County, based on 12 years of daily flow
measurements at a gage near Stevens Point, is about 70 cfs. The
average ground-water runoff per square mile to this stream is prob-
ably less than it is to the Little Plover River because extensive swamps
and marshes in the Plover River basin limit recharge and are areas of
high evapotranspiration.

A series of east-west drainage ditches, constructed at approximately
1-mile intervals, drain about 162 square miles of the sand-plain area
in the southwestern part of the county. Dams constructed at regular
intervals along the ditches regulate the stage of the streams. The
ditches connect with the Buena Vista, Fourmile, and Tenmile Creeks
which discharge to the Wisconsin River in Wood and Adams Counties.

The runoff from the 162-square-mile area drained by ditches is
estimated to average about 115 cfs. Extensive marshes and a shallow
water table in parts of the area reject further recharge and increase
evapotranspiration.



16

Jo Lmwuwns 1o 9ded Jupey U0 dQe} I9Y

01

02

‘pPojuasardal SUISBq 99113 93 U0 UOLIBUWIOFUI

NMOHS 1VH1 d3d330X3 ¥0 Q31vNO3I IDUVHOSIA IWIL 40 INIDY3d
0g ov

0S

09 0L 08

| e

et

06 00T

uelpaiy

pIOIENS JEdu
J3A1Y Buleld ne3j 81g

eoednep,
Jeau JaAly edsednep

~N
JUW 38vNOS ¥3d

13A0[d }e JaAlY Janold @

NOILVNV1dX3
I

GEOLOGY, WATER RESOURCES, PORTAGE COUNTY, WIS.

£3uno)) agdeli0q Ivdu puk Ul I[mm oaenbs 1od mop A[IBP JO SAIND UOPRING—'9 HANOLT

ANOO3S ¥3d 1334 019N NI ‘3DYYHOSI



SURFACE WATER

17

Summary of information on the basins represented on figure 6

Average
Drainage| Records | annual
River area used |discharge Geology Hydrology
(sq mi) (cfs per
sq mi)
Little Plover River 12 | 1959-62 0.77 | Thick deposits of flat- Ground-water runoft
at Plover. lying outwash, and is large. Surface
some peat and allu- runoff is small and of
vium, are underlain short duration.
by crystalline rock. During 95 percent of
time, streamflow is
from ground-water
runoff. During dry
periods, the dis-
charge per square
mile ranges from
0.5 to 1.0 cfs.
‘Waupaca River 305 | 1917-54 .78 | Thick deposits of sandy | Ground-water runoff is
near Waupaca. till, outwash, and large. Surface runoft
alluvium underlain is small and of short
by sandstone and duration. During
crystalline rock. about 90 percent of
time, streamflow is
{from ground-water
runoff. During dry
periods, the discharge
per square mile ranges
from 0.5 to 1.0 cfs.
Big Eau Pleine 224 | 1938-54 .75 | Thin deposits of clay Ground-water runoff
River near Strat- till, outwash, and is small. Surface
ford. alluvium over crys- runoff is large. Dur-
talline rock. ing about 75 percent
of time, streamflow
is from ground-water
runoff. During dry
periods, the discharge
per square mile ranges
{rom 0.0 to 0.2 efs.

The average flow of Hay Meadow Creek and the runoff from several
small drained marshes are estimated to be about 26 cfs. The estimated
average runoff from the 302-square-mile area of the sand-plain area
is about 220 efs.

The drainage of the northwest area is poor to moderate, the prin-
cipal streams being the Little Eau Pleine River, Mill, Bear, and Rocky
Run Creeks, all draining into the Wisconsin River. Approximately
27 percent of the 208 square miles of this area is marsh and swamp.
The only lakes in the area are the Du Bay and Stevens Point
reservoirs on the Wisconsin River.

The geologic and hydrologic characteristics of the northwestern part
of Portage County are very similar to those of the Big Eau Pleine
River basin in Marathon County. The geology of both areas consists
of thin deposits of clay till, outwash, and alluvium overlying crystal-
line rocks, and the ground-water runoff from both areas is small and
the surface runoff is large. For these reasons, the discharge char-
acteristics of the Big Eau Pleine River, as determined from 16 years
of daily flow measurements made at a gage near Stratford (fig. 6;
U.S. Geol. Survey, 1962), are used to estimnate ground- and surface-
water runoff in the northwestern part of Portage County.
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The discharge of the streams that drain the northwestern part of
the county is very large during and immediately after storms and
small during the remainder of the time (fig. 6). The average dis-
charge from this area is about 150 cfs. The median discharge (dis-
charge at 50 percent of the time) is estimated to be about 0.06 cfs per
sq mi or about 12 cfs from the 203-square-mile area in northwestern
Portage County. The discharge at 10 percent of the time (often
taken as an index of low flow) is estimated to be about 0.02 cfs per
sq mi.

The estimated average discharge of the Wisconsin River as it passes
the northern boundary of the county is about 2,400 cfs (based on 1929-
41 discharge measurements made at Knowlton). As the river passes
Stevens Point and Whiting, the Plover and Little Plover Rivers and
Hay Meadow Creek add an average of about 105 cfs, and the streams
draining from the northwest add an estimated average of about 150
cfs to the river’s discharge.

The estimated average runoff from the 505 square miles of the Wis-
consin River basin in Portage Clounty, including the area of drainage
ditches, is about 370 cfs.

WAUPACA RIVER BASIN

The Tomorrow River and the Poncho, Bear, Spring, Allen, Em-
mons, Murry, and Radley Creeks drain 233 square miles in the eastern
part of the county and form the headwaters of the Waupaca River.
The Waupaca River flows through the towns of Nelsonville and Am-
herst, then leaves the county and flows across Waupaca County to the
Little Wolf and Fox Rivers and eventually to Lake Michigan. In
Portage County, the land surface of the Waupaca River drainage
basin slopes about 20 feet per mile.

The discharge of the Waupaca River is derived from ground-water
runoff on the basis of 38 years of daily flow measurements made at
a gage near Waupaca (fig. 6; U.S. Geol. Survey, 1962).

The average yearly discharge from the 233 square miles of the Wau-
paca River basin in Portage County is estimated to be about 175 cfs.
The average flow of the Waupaca River as it leaves the county is about
100 efs. Allen, Emmons, Murry, and Radley Creeks drain east from
the county and enter the Waupaca River above the gage near Waupaca.
These streams have an estimated combined average flow of about 75
cfs as they leave the county.

LITTLE WOLF RIVER BASIN

The Flume, Bradley, Nace, and Sannes (reeks, headwaters of the
Little Wolf River, drain about 81 square miles of the northeastern
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part of the county. The average rate of discharge from the county
is estimated to be about 60 cfs (table 1). The drainage is poor be-
cause about 20 percent of the area is in wetlands and lakes.

The runoff characteristies of the Little Wolf River are approxi-
mately the same as those of the Waupaca River because the Portage
County parts of the two basins are geologically and hydrologically
similar.

LAKES

Of the 104 lakes in the county, 95 are in the Waupaca and Little
Wolf River drainage basins (Wisconsin Conservation Department,
1958). Most of these lakes are in depressions (called kettles or pits)
in drift. Lakes are present in all the depressions that extend below
the water table. The surface of the kettle lakes is, in effect, a visible
part of the ground-water table. The fluctuation of the lake stage is
closely associated with the fluctuation of the surrounding ground-
water table.

An inventory of 42 lakes in the eastern part of the county indicated
that 31 of them have neither surface inlet nor surface outlet. Lake
Emily has a small inlet from the west and no outlet; Adams, Twin,
Helen, Kiallana, Meyers, and Rheinhardt Lakes have outlets but no
inlets. Tree, Spring, Dean, and Rough Lakes have both inlets and
outlets.

WETLANDS

Wetlands are areas that are covered with shallow water or are sub-
ject to intermittent flooding and subsequent slow drainage; they
generally contain organic materials. Wetland is classed generally as
marsh if covered with grass, or as swamp if covered with trees, depend-
ing upon which type of cover predominates. Organic and inorganic
deposits in marshes and swamps are termed “marsh deposits” in this
report.

Marshes in Portage County are similar to lakes in that both have
water surfaces that are visible parts of the ground-water table. The
water surface of the marsh is at, or slightly above, the land surface
during part of the year, but the land surface may be dry during
drought periods. Many marshes are remnants of shallow lakes filled
with peat, clay, and vegetation. The marshes occur in very flat areas
having poor surface drainage, in depressions in the land surface, and
along the margins of lakes and streams.

The wetland area of the county varies from season to season, from
drought to wet period, and as drainage ditches are developed. Drain-
age ditches have reduced the area of wetlands in the county from
about 20 percent of the total area in 1900 to about 7 percent in 1960.
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Prior to 1902, approximately 30 percent of the southwestern part of
the county was wetland and was covered by marsh vegetation. From
1902 to 1904, land developers dug a series of east-west ditches and
drained most of the marsh. Leopold (1949, p. 100) described the
drainage as follows:

They envisaged farms not only around, but in the marsh. An epidemic of ditch-
digging and land-booming set in. The marsh was gridironed with drainage
canals, speckled with new fields and farmsteads.

But crops were poor and beset by frosts, to which the expensive ditches added
an aftermath of debt. Farmers moved out. Peat beds dried, shrank, caught
fire.

After several decades of poor crops and burning peat, the Works
Progress Administration was assigned the task of restricting flow of
the drainage ditches. From 1934 to 1936, numerous check dams were
installed to regulate the stage of water in the ditches and to wet the
soil.

GROUND WATER

The water that escapes initial evapotranspiration and surface runoff
and is not required to replenish soil moisture moves downward into
underlying materials until it reaches the water table—a surface below
which all the openings in rocks are saturated with water under hydro-
static pressure.

The water-saturated rocks underlying Portage County form ground-
water reservoirs, or aquifers, that store water, supply water to wells,
and discharge water to streams, marshes, and lakes. A thorough
knowledge of the geology and water-yielding characteristics of the
aquifers is necessary for an evaluation of the hydrologic system in the
county.

The water in aquifers is unconfined where water levels in shallow
wells approximate the position of the water table. When the water
table is lowered, some of the aquifer is dewatered, and when the water
table rises, unsaturated materials become saturated. Ground water
that is thus unconfined is said to occur under water-table conditions.

Water-table conditions exist in nearly all parts of Portage County.
Well drillers have reported no substantial changes in water level dur-
ing the drilling of wells that penetrate the sand and gravel aquifers.
The only substantial changes in water level that were reported occurred
during the drilling of a few wells that penetrated deposits of till.

In a few places in the county, layers of clay and relatively im-
permeable till overlie an aquifer, and water is confined in the aquifer
under pressure. Recharge to the confined aquifer is derived at an
altitude higher than the base of the overlying impermeable beds. If
a well is drilled into such a confined aquifer (termed “artesian”), the
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water in the well will rise above the top of the aquifer. Such condi-
tions of ground-water occurrence are not common in Portage County.

ROCKS AND THEIR WATER-YIELDING CHARACTERISTICS

The geology of the county influences the occurrence and availability
of ground water and the nature of fluctuations of water levels in wells.
It is also an important factor in the development of soil and topog-
raphy and, thus, affects the proportion of surface runoff and recharge
to ground water. In general, the surface runoff will be greater, and
the recharge less, in an area of steep hills and well-defined valleys than
in a level area or in one of gently rolling hills. Runoff is also greater
from a clay soil than from a sandy soil.

Portage County is underlain by erystalline rocks of Precambrian
age and sandstone of Cambrian age which are mantled generally by
glacial deposits of Pleistocene age. A geologic map (pl. 1) shows the
surficial deposits and bedrock exposed at the surface. The map is
based on reports and maps made by Hole (1943), Thwaites (1943),
and Weidman (1907) ; on field observations made by the author; and
on interpretation of aerial photographs. Subsurface geologic rela-
tionships are illustrated by north-south and east-west cross sections

(pl. 1).
CRYSTALLINE ROCKS

Impermeable erystalline rocks of Precambrian age underlie all the
aquifers in the county and limit the downward movement of water
(pl. 1). The crystalline rocks consist largely of granite; however,
gneiss, schist, shale, greenstone, and quartzite crop out in the northern
part of the county (pl. 1). Near Junction City, a large area of iron-
free quartzite grades south into an iron oxide-rich quartzite. Green-
stone (augite-andesite) appears to be intrusive into the quartzite,
whereas granite is intrusive into both the quartzite and the greenstone.
Gneiss and schist crop out along the Wisconsin River near Plover.
Dikes of coarse-grained granite intrude the gneiss and schist.

In the northwestern part of the county, the crystalline rock is ex-
posed and weathered and contains locally enlarged joints and frac-
tures. The fractures may extend for some distance laterally, but they
are generally less than 50 feet deep. The directions of major jointing
are N. 75° W. and N. 70° E.

The crystalline rock is probably impermeable in all but the north-
western part of the county where drift is thin or absent. Although
ground water accumulates in fractures and shallow weathered zones
of the crystalline rock, it is considered to be part of the same water
body as in the overlying drift. Most wells are drilled or dug less than
30 feet into the rock, and they yield generally less than 5 gpm (gallons
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per minute). A few wells, such as wells Pt-24/6/2-109, Pt-25/7/22—
171, and Pt-24/8/20-233 that yielded more than 30 gpm, tapped the
crystalline rocks but obtained their water from overlying deposits of
silt, sand, and gravel.

The surface of the crystalline rock resembles a broad plain that
slopes approximately 10 feet per mile, from the northwestern part of
the county to the south and southeast (fig. 7). The total relief is
approximately 300 feet. The general shape of the surface is that of a
broad shield, which plunges gently to the south (section 4-4’, pl. 1).
In the southern part of the county, little information is available on
the depth to crystalline rock because desired yields of water are ob-
tained from shallow wells in the overlying sand and gravel aquifer.

Data from records of wells and test holes indicate that a major
bedrock valley, possibly the channel of the pre-Pleistocene Wisconsin
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River, occurs 3 to 4 miles east of the present Wisconsin River (fig. 7).
Information is not available to determine the course of this channel.

SANDSTONE

Sandstone of the Dresbach Group of Late Cambrian age overlies
crystalline rocks in the southern part of Portage County. The sand-
stone consists largely of medium to coarse grains of quartz partially
cemented by silica and iron oxide. It is fairly uniform in composition
but varies widely in type and amount of comentation. Poor sorting
of the sand grains, ripple marks, and conspicuous cross bedding sug-
gest shallow-water deposition. The beds range in thickness from a
few inches to several feet. Joints are numerous, the principal direc-
tion of jointing being N. 65° E. The sandstone decreases in thickness
from an estimated 200 feet along the southern boundary of Portage
County to 0 feet in most of the central and northern parts of the
county. Thick deposits of drift cover the sandstone except in the
areas where sandstone ridges or mounds protrude above the drift
surface (pl. 1).

A few sandstone mounds, remnants of the standstone that once
covered the area, occur in the central and northwestern parts of the
county. These mounds range in height from a few feet to 60 feet.

The sandstone mounds in the southern part of the county, ranging
in height from 15 to 175 feet, add a picturesque appearance to the
otherwise flat sand plain. Mosquito Mound, south of Bancroft, trends
N. 80° W, is about 0.9 mile in length and 0.2 mile in width, and pro-
trudes about 175 feet above the sand plain (pl. 1). The elongated hill
has a steep face to the west and a gentle slope to the east. This form
may have been caused by the abrasion of glacial ice.

The part of Mosquito Mound that is buried in outwash has a slope
nearly as steep as that above the ground. Well Pt-21/8/25-300, 500
feet southwest of this mound, penetrated 90 feet of sand and gravel
but no sandstone.

Most of the mounds consist of poorly cemented sandstone capped by
beds of well-cemented sandstone. The narrow sandstone ridges in
sec. 32, T. 21 N,, R. 8 E., are the exception; there the sandstone is
well cemented 10 to 30 feet on either side of northeast-trending vertical
joints.

Near Stevens Point where remnants of sandstone overlie granite or
gneiss, several feet of light-colored clay underlie the sandstone. The
clay contains grains of quartz and grades downward into decomposed
granite or gneiss.

Although the sandstone in the southern part of the eounty is a
potential source of water, no wells as of 1964 have been developed in
it. Almost all wells drilled in the area were terminated in the over-
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lying drift, and the few wells that did pentrate sandstone were
developed in the drift. The importance of the sandstone as a potential
source of water is considered minor not only because large supplies of
ground water can be obtained from the overlying drift, but also
because the sandstone is less permeable than the drift and would not
yield large supplies of water.

DEPOSITS OF GLACIAL DRIFT

During the Pleistocene Epoch, climatic changes brought about the
accumulation of large masses of snow and ice in the northern part of
North America. Asthe accumulation continued, the ice masses, called
continental glaciers, expanded horizontally. The ice fronts became
irregular as the rate and direction of movement of the ice varied
because of changes in topography and climatic conditions.

Portage County was partly covered by at least one large continental
ice sheet during the Wisconsin Glaciation (Thwaites, 1943). The
Green Bay lobe of that ice sheet extended across at least the eastern
half of the county. Glacial striations and the lineation of drumlins
indicate that the ice sheets advanced toward the south and toward the
west. Minor advances and retreates of the ice front, called stades,
occurred during the glaciation. Ice-transported sediments were
dumped near the forward edge of the ice sheet. The limits of these
deposits, called moraines, are shown on figure 8.

The Wisconsin Glaciation in Wisconsin has been subdivided
(Thwaites, 1946, p. 80, Leverett, 1932, p. 22) into the Towan, Tazewell,
Cary, and Valders Stades. The Border Drift of Hole (1943) (Weid-
man, 1907; Leverett, 1929) in the northwestern part of Portage
County and the Arnott moraine in the central part are probably early
Cary or pre-Cary in age, and the drift exposed in the eastern half of
the county is of Cary age (pl. 1;fig. 8).

Drift consists of unsorted deposits (till), and sorted and stratified
deposits (outwash and kames). Because the depoits of till are com-
monly quite sandy, it is difficult and sometimes impossible to determine
the subsurface contacts between till and outwash.

ARNOIT MORAINE

The Arnott moraine in central Portage County, which marks the
westward advance of an early ice sheet (pl. 1; fig. 8), is a north-south-
trending irregular ridge surrounded by outwash; it is approximately
half a mile wide and rises 50 to 80 feet above the surrounding outwash
plain. The Arnott moraine has gaps cut by glacial streams draining
westward from the Cary ice sheet (pl. 1), and its northern extension
has been overlapped by the Outer moraine.
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Leverett (1932, p. 22-23) correlated the drift of the Arnott moraine
as Illinoian. This correlation 1s uncertain because of the great dis-
tance between Portage County and the type locality. Thwaites (1946,
p. 78) states that “the Arnott moraine, which is much weathered and
considerably eroded, is not unlikely of Illinoian age.” The drift of
the Arnott moraine is definitely older than the Cary Drift of the Outer
moraine to the east inasmuch as the Arnott moraine is overlapped by
the Outer moraine near Stockton (pl. 1; fig. 8).

The Arnott moraine consists of sandy and stony drift mainly un-
sorted till, ranging in particle size from clay to boulders. The gravel
and larger size rocks are predominantly granite, felsite, sandstone,
quartzite, and gneiss, and a small parcentage are chert and dolomite.
The large proportion of quartz sand in the drift is attributed to the
glacial erosion of the sandstone bedrock and unconsolidated alluvium
to the east and northeast.
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Because the till consists of unsorted material ranging in size from
clay to boulders, the pore spaces between the larger particles are
filled by the smaller particles and the resulting effective porosity may
be low. The water-yielding characteristics of the till are not known,
but supplies adequate for domestic use have been obtained from
shallow wells.

BORDER DRIFT OF HOLE (1943)

The Border Drift of Hole (1943) in northwestern Portage County
is a thin, heterogeneous deposit of clay, silt, sand, and gravel (pl. 1;
fig. 8). The few large erratics, red felsite, Keweenawan conglomer-
ate, basalt, and rhyolite, may have been derived from the Lake Su-
perior region. The greatest number of rocks in the drift consist of
residual fragments of the underlying granite, gneiss, schist, and
quartzite.

The age of the Border Drift of Hole (1943) long has been assumed
to be pre-Wisconsin. Chamberlin (1882, p. 717-723), Weidman (1907,
p- 447-450), and Leverett (1929, pl. 1) correlated the drift as pre-
Wisconsin on the basis of the extent of erosion and on the subdued
topography of areas of thick drift in states to the south. Thwaites
(1943, p. 119-120) and Hole (1943, p. 509-519) recognized the imma-
turity of the soils of the area and the unaltered condition of many
mineral particles in the drift. Bedrock controls the topography in
this area of thin drift. Thwaites concluded that the Border Drift
of Hole is of Wisconsin age and is not much older than the Cary Drift
to the east.

The Border Drift of Hole in northwestern Portage County has
an average thickness of about 4 feet. The drift was deposited locally
as ground moraine without the ridges associated with terminal or
recessional moraines. The drift is thickest along the western bound-
ary of the county and thins to the east. The absence of till in the
Wisconsin River valley may be due to its removal by erosion, or the
area may never have been glaciated. The quartzite hills near Wausau,
in Marathon County, may have prevented the glacier from descending
the Wisconsin River valley.

Thin sand and gravel deposits in the unconsolidated Border Drift
of Hole constitute a source of ground water in northwestern Portgage
County. Supplies of water adequate for domestic and stock use are
obtained from shallow driven and drilled wells that tap the thin drift
and the underlying crystalline rock. In the Junction City area, the
drift is too thin to be a large source of supply.
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CARY DRIFT

The major glacial features, now in evidence in Portage County,
were formed during the Cary Stade and are related to the Green
Bay lobe of the Wisconsin ice sheet. The advancing ice sheet picked
up material, generally granite, schist, gneiss, and quartzite, and, also,
a large amount of the friable Cambrian sandstone and unconsolidated
sand, from previous glacial deposits and from local bedrock. Lime-
stone, dolomite, and shale were picked up farther east. The waning
glacier dropped this load of heterogeneous, unsorted material in the
form of moraines (pl. 1; fig. 8). The melt water from the ice sheet
reworked parts of the till and deposited sediment in the form of
kames, outwash plains, fans, and deltas.

The Outer moraine marks the most westerly known advance of the
Cary ice sheet in Portage County (fig. 8). The moraine is a ridge
of till, more or less broken by drainage outlets and partially buried
by later outwash deposits. Kettles, depressions made by the melting
of ice masses buried in the moraine, contribute to the irregular shape
of the ridges.

Much of the unconsolidated deposits east of the Cary moraine con-
sist of ice-contact deposits, outwash, and till, and are shown on plate
1 as outwash, ice-contact, and moraine deposits. Ice-contact deposits
are mostly glaciofluvial in origin and were deposited between and
on stagnant ice masses during the later stages of glacial wastage, when
isolated blocks and tongues of ice occurred in low places and valleys.
The shape and distribution of the former ice masses are reflected in
the form of the ice-contact deposits and in the shape of kettles and
kettle lakes. Ice-contact deposits form kames, kame terraces, kame
deltas, and ice-fracture fillings. Flat surfaces, such as kame ter-
races, mark areas that were free of ice when the uppermost strata were
deposited.

The Second moraine and the Elderon morainic system (fig. 8) are
recessional moraines formed when the rate of melting of the Cary ice
sheet balanced the rate of forward motion. These moraines are
roughly parallel to the Outer moraine, but the Second moraine
coalesces with the Outer moraine near Polonia and diverges to the
north and south.

The Second moraine consists of drift having the same general com-
position as the Outer moraine. The sand-size fraction predominates
over the clay-, silt-, gravel-, and boulder-size fractions. The till is
interspersed with outwash and kame deposits. Wells tapping the
till deposits obtain sufficient water for domestic and stock use. Large
yields have been obtained from wells that penetrate lenses or chan-
nels of sorted sands and gravels in the till.

778-029 0—65——3
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The Elderon morainic system consists of a series of north-south
trending ridges of drift east of the Second moraine. The ridges have
been broken into widely separated sections by numerous drainage
channels. The composition of the till differs from that of the Outer
and Second moraines in that it contains a greater percentage of car-
bonate rock material and material of clay and silt size. The largest
percentage of material is of sand size. The till yields small quantities
of water to drilled wells.

Glacial Drainage—The courses taken by melt-water drainage
changed as deglaciation progressed. In the early stages of ice wast-
age, melt water flowed westward from the Quter moraine, cutting
channels through the Arnott moraine and depositing sand and gravel
as an outwash plain covering the central and southwestern parts of
the county. The water drained westward to the valley of the Wis-
consin River and to glacial Lake Wisconsin. As the ice continued
to waste in the area of the Second moraine, melt water deposited
sand and gravel between this moraine and the Outer moraine, form-
ing the Almond plain, and eventually cut channels through the Outer
moraine. Melt water then deposited sand and gravel over the out-
wash plain west of the Outer moraine. TLater, as the eastward wast-
age of the ice continued, melt water escaped southeastward, draining
into glacial Lake Oshkosh in Waushara and Winnebago Counties.

Numerous terraces of outwash were formed along the Waupaca and
Tomorrow Rivers by changes in the grade of the melt-water streams.
The changes in grade may have been caused by the opening of new
drainage outlets through wastage of the glacier, by the melting of
obstructing ice blocks, by the change of stream regimen from deposit-
ing to eroding, or by a combination of these causes. Four prominent.
terraces may be seen at Nelsonville and at Amherst.

The ice front receded from the area by downwastage. Blocks of
stagnant ice in the valleys were covered by drift and remained long
after the hills were exposed. Glacial melt water transported and de-
posited sand and gravel between and over much of the stagnant ice
in the low-lying places. The subsequent melting of blocks of ice left
chains of kettles and lakes in several of the valleys. Examples of
such chains of lakes are Emily, Julia, and Ell Lakes near Amherst
Junction and Washburn and Bass Lakes near Almond, where blocks
of ice were buried by thick till. TIsolated kettles and lakes, such as
Thamar, Patterson, and Silver Lakes, occur as depressions in the
moraines.

OUTWASH DEPOSITS

The most important sources of ground water in the county are thick
and extensive deposits of well-sorted sand and gravel which form
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gently sloping outwash plains, pitted outwash terraces, and areas
where ice-contact features such as kames are prominent. Much of the
sand and gravel is well sorted, but may contain some silt and clay. In
a few areas, thin layers of clay, silt, or fossil soil are interbedded in
the sand and gravel. Till overlies outwash or is interbedded in out-
wash in many areas in the eastern part of the county.

The outwash plain in central and southwestern Portage County,
commonly called the central sand plain or Bancroft plain, extends
over about 302 square miles and consists of deposits of sand and gravel.
The sand and gravel is very well sorted and contains only small
amounts of silt and clay. The thickness of the outwash averages about
100 feet, ranging from a few feet in the Hay Meadow Creek area to
about 250 feet near the Outer moraine (fig.9). Several isolated ridges
or mounds of sandstone in the Bancroft area protrude above the out-
wash and locally reduce its thickness. The variation in thickness of
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Freure 9.—Map of Portage County showing approximate thickness of unconsolidated
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the outwash deposits and their contact with underlying crystalline
rock and sandstone is shown in cross-sectional view, plate 1 A-A4".

The Arnott plain between the Outer and Second moraines in the
southern part of the county contains thick deposits of sand and gravel
(pl. 1; fig. 9) that yield large supplies of water to wells. Although
no well penetrates the full thickness of the deposits, many wells pene-
trate at least 150 feet of sand and gravel. A sample log of well Pt-
21/9/22-265 (fig. 10) shows the well-sorted character of the sand and
gravel. This log is representative of the logs of wells in the Almond
area and of many of the wells in the sand plain.

The land surface of the Arnott plain is characterized by a high-level
terrace of outwash containing numerous pits and a low-level terrace.
The Outer moraine acted as a dam and a temporary reservoir for the
large volumes of sediments carried by the melt water. As drainage
outlets were opened to the west in the moraine, the gradient of the
outwash streams was steepened and a new level of drainage was formed
that extended westward to the central sand plain.

Depth, ickness| Graphic

infeet | in feet log Description

0-10 10 Sand, medium, light -brown

10-15 5 Gravel, fine, sandy, light brown, some dolomite

15-45 30 Sand, medium to very coarse, pink-gray
45-65 20 Sand, medium to very coarse, few pebbles, light- brown-gray
65-85 20 Sand, fine to coarse, some fine gravel, pink-gray and light-brown
85-115 30 Sand fine to coarse,dolomitic, few small pebbles,light-brown-gray

115-130 Sand, very coarse to fine, dolomitic, tan

—439- 32

145-165 Sand, coarse, pink-gray, dolomitic

165-170 5 Gravel, fine, pink-gray, much dolomite
170-185 15 Sand, fine to coarse, pink-gray, dolomitic
185-205 20 Sand, medium, some fine gravel, pink-gray, dolomitic
205-215 10 " Gravel, very fine, sandy, pink-gray, dolomitic
215-225 10 i Sand, fine to coarse, few pehbles, dolomitic, tan
225-237 12 E g',a:: Gravel, much dolomite, sandy

Well owner: James Burns. Drilled: 1957, by M. D. Bowen Co. Aquifer: drift. Use:
irrigation. Samples examined by: The Wisconsin Geological and Natural History
Survey. Total depth: 243 feet.

Fi1cuRE 10.— Sample log of well Pt—21/9/22-265, Portage County.
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In northwestern Portage County, outwash deposits are thin; and it
is impractical, if not impossible, to develop large supplies of ground
water. In many places where outwash deposits occur at the surface
(pl. 1), the sorted material may be unsaturated or may contain only
a thin zone of saturation.

POSTGLACIAL DEPOSITS

ALLUVIUM

The material mapped as alluvium on figure 8 consists of deposits of
organic and inorganic materials in marshes or drained marshes and
valley alluvium. Marsh deposits consist of dark-colored organic
clay, silt, or sand and, in many places, peat. The peat deposits do not
exceed 25 feet, and are generally less than 5 feet, in thickness. De-
posits of peat ranging from a few inches to 5 feet in thickness cover
extensive areas in the southwestern and northern parts of the county.
Locally, marsh deposits occur in kettles and along the margins of lakes
and streams.

The valley alluvium consists of lenticular deposits of well-sorted
silt, sand, and gravel that range in thickness from a few feet in the
smaller stream valleys to as much as 60 feet in the Wisconsin River
valley. The valley alluvium is similar to the outwash deposits and
is hydrologically interconnected. The primary difference between
the valley alluvium and the adjacent outwash deposits is that the allu-
vium has a lower topographic position.

DUNE SAND

Sand dunes, anchored by vegetation, are common to the outwash
plain area. Most of the dunes are small and were formed during and
immediately after the glaciofluvial deposition of the outwash. The
east-west elongation of the dunes plus the east direction of dip of the
foreset beds indicate that westerly winds were prevalent during the
formation of the dunes. Peat has formed between the dunes. A few
dunes are of the recent blow-out type where sand was blown out of
holes in the peat that covered the outwash. The holes in the peat cover
were probably due to peat and grass fires.

The sand dunes are mapped as part of the outwash sand and gravel
deposits. Although the dunes are above the saturated zone, they are
hydrologically significant because the sand is well sorted and transmits
water rapidly downward to the underlying aquifer.

GROUND-WATER PROVINCES

Ground-water conditions have been shown to be far from uniform
throughout Portage County; not only do they differ from area to area,
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they also vary with depth and time. Nevertheless, ground water
occurs in several areas under generally similar geologic and hydrologic
conditions. Areas in which the character of the rocks, the availability
and quality of the water, the topography, and the surface drainage
are similar, have for convenience here been termed “ground-water
provinces” and are named the “sand-plain province,” the “drift prov-
ince,” and the “drift-crystalline rock province.” The extent of these
provinces is shown in figure 20. The indicated boundaries are approxi-
mate and do not represent the limits of aquifers.

DRIFT-CRYSTALLINE ROCK PROVINCE

The water resources of the drift-crystalline rock province, in the
northwestern part of the county, consists of ground water in thin aqui-
fers of outwash, alluvium, and fractured crystalline rock and of sur-
face water in streams and reservoirs. All streams drain to the Wis-
consin River.

The aquifers yield only small amounts of ground water to wells and
to streams. Most of the wells are less than 50 feet in depth and obtain
water from saturated outwash and alluvium. A few wells drilled to
depths ranging from 50 to 150 feet tap fractures or weathered parts
of crystalline rock; these wells yield small amounts of water.

Residents of Junction City, the only large community in the prov-
ince, have difficulties in developing adequate supplies of potable water.
Crystalline rock is very near the surface and sand and gravel deposits
are thin and very limited in extent. Objectionable quantities of iron
in ground water are reported for many of the wells, and pollution is a
recurring problem. The village has neither a public water supply nor
a sewage-treatment system.

The deposits of saturated sand and gravel that are nearest to Junc-
tion City occur along Mill creek and near the Wisconsin and Little
Eau Pleine Rivers. Because few wells tap these deposits, test drilling
would be necessary to determine their capabilities as sources for water
supply.

SAND-PLAIN PROVINCE

The sand-plain province consists of a thick and extensive aquifer
of outwash sand and gravel and is drained by the Plover and Little
Plover Rivers and the Hay Meadow Creek in the north and by Buena
Vista, Fourmile, and Tenmile Creeks, connected to a system of drain-
age ditches, in the south. All the water drains to the Wisconsin
River. The ground-water divide between the Wisconsin River basin
and the Waupaca and Little Wolf River basins (fig. 5) is the eastern
limit of the province.
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The characteristics of the aquifer are very uniform over large dis-
tances. The deposits consist of well-sorted sand and some gravel and
small amounts of silt and clay. The thickness ranges from a few feet
to about 250 feet and averages about 100 feet.

The sand-plain province is capable of supplying large quantities
of ground water to wells, except possibly in the Hay Meadow Creek
and Plover River areas where the sand and gravel is less than 50 feet
thick. The areas that are especially promising for future develop-
ment are near Almond, Bancroft, Coddington, and Plover and in
the Grant Township.

Large-capacity wells, drilled by percussion or reverse-rotary meth-
ods, range in depth from about 60 to about 250 feet and average about
110 feet. The reported average yield of 52 irrigation wells in the
province is about 1,100 gpm per well. About 40 pits are pumped for
irrigation at rates ranging from 100 to 800 gpm.

DRIFT PROVINCE

The drift province consists of thick aquifers of sandy till, outwash,
and ice-contact deposits. It is drained by the Waupaca and Little
Wolf Rivers. The ground-water divide between the Waupaca and
Little Wolf River basins and the Wisconsin River is the western
limit of the province (fig. 5).

The characteristics of the aquifers change considerably over short
distances. Small supplies of water may be developed from sandy till
and alluvium, and large supplies may be developed from outwash
and ice-contact deposits. The thickness of the deposits ranges from
a few feet to about 350 feet.

In the drift province, small-capacity wells generally are drilled
or driven, and most wells penetrate only 10 to 50 feet of the saturated
sediments. These wells generally are equipped with 2 to 6 feet of
screen. Their yield ranges from a few gallons per hour for wells
in till to as much as 50 gpm for wells in outwash.

Large-capacity wells, drilled by percussion or reverse-rotary meth-
ods, penetrate greater thicknesses of the aquifers. Such wells are
developed generally in outwash and kame deposits. The reported
average yield of 11 irrigation wells is about 500 gpm.

The best areas for development of large ground-water supplies in
the drift province are in the sand and gravel deposits in the Waupaca
River valley, in the Radley and Murry Creek areas in the southeastern
part of the county, and in the Rosholt area in the northeastern part
of the county.
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HYDRAULIC PROPERTIES OF AQUIFERS

The ability of an aquifer to store water and to transmit water to
wells, streams, and lakes is dependent on the hydraulic properties of
the aquifer. The principal hydraulic properties of aquifers are
porosity, specific retention, specific yield, and coefficients of storage,
permeability, and transmissibility.

“Porosity” is the ratio of the volume of the void spaces to the total
volume of soil or rock. When all voids are filled with water, porosity
represents the upper limit of saturation.

“Specific retention™ of a soil or rock is the percentage of its volume
that 1s occupied by water that will not drain from it by gravity and
will not be yielded to wells. The terms “soil-moisture capacity” or
“field capacity” express the same relationship as does “specific
retention.”

“Specific yield” of water from soil or rock is the ratio of the volume
of water that will drain by gravity to the total volume of the soil
or rock. The specific yield approximates the percentage of water
that a given volume of rock will yield to wells. Specific yield is a
function of time and requires prolonged periods of no recharge or
pumping before the soil or rock is drained by gravity.

The “coeflicient of transmissibility” may be expressed as the rate
of flow of water, at the prevailing water temperature, in gallons per
day, through a vertical strip of the aquifer 1 foot wide extending the
full saturated height of the aquifer under a hydraulic gradient of 100
percent.

The “coeflicient of permeability” is defined as the rate of flow of
water, in gallons per day, through a cross-sectional area of 1 square
foot under a unit hydraulic gradient and at a water temperature of
60°F.

The “coeflicient of storage” of an aquifer is the volume of water
released from or taken into storage per unit surface area of the aquifer
per unit change in the component of head normal to that surface.

SPECIFIC YIELD

Specific yield, specific retention, and porosity were determined by
laboratory methods for disturbed samples of sand and gravel col-
lected at 5- to 15-foot intervals of depth in well Pt-23/9/18-362.
The laboratory tests were made by the Hydrologic Laboratory of the
U.S. Geological Survey, Denver, Colo. The results are given in
table 2.

Table 2 shows that the specific yield ranged from about 31 percent
at the 0- to 5-foot. depth to about 21 percent at the 35- to 40-foot depth
and average about 27 percent. Specific yields above 27 percent were
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determined for samples obtained at the depth intervals of 0 to 25 feet
and 65 to 90 feet.

Specific yield obtained by laboratory methods may be termed “po-
tential specific yield" because a considerably greater length of time
was allowed for draining in the laboratory than is generally attained
under field conditions.

C. B. Tanner (written commun., 1957) determined that the Plain-
field, Coloma, and related sandy soils, which occur over much of the
sand-plain province, have a porosity that ranges from 32 to 38 percent
and a field-moisture capacity that ranges from 8 to 13 percent. On
the basis of these figures, the specific yield of the soil ranges from
19 to 30 percent and is probably about 24 percent.

The estimated field specific capacity for the sand and gravel aquifer
in the sand-plain province is about 22 percent and is about 5 percent
greater than the laboratory specific yield determined at well
Pt-23/9/18-362 (table 2).

The fairly high specific yield of the sandy soil at the surface of the
sand-plain province and the homogeneity of the sand and gravel
aquifer as shown by sample logs indicate that recharge from precipi-
tation should pass readily from the surface to the zone of saturation.

TABLE 2.—Summary of laboratory analysis of samples from well Pt-23/9/18-362.
Littie Plover River basin, Wisconsin

Depth (feet) Specific Specific
Laboratory sample retention yield Porosity
(percent) | (percent) | (percent)
From— To—
5.2 30.5 35.7
4.1 20.1 33.2
3.4 29.4 32.8
4.4 25.2 29.6
7.0 20.7 27.7
5.0 24. 4 29. 4
6.2 24.8 31.0
7.0 28.3 35.3
5.9 29.7 35.6
5.4 26.9 32.3

PUMPING TEST DETERMINATIONS OF AQUIFER CHARACTERISTICS

The withdrawal of water from an aquifer creates a depression of the
water level in the vieinity of the point of withdrawal. The depression
formed by a pumping well has the approximate form of an inverted
cone and is referred to as the “cone of depression.” The size, shape,
and rate of growth of the cone of depression depend on several factors,
including (1) the rate of pumping, (2) the transmissibility and
storage capacity of the aquifer, (3) the decrease in natural discharge
due to the Jowering of the water level, and (4) the increase in recharge
resulting from the lowering of the water level.
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Pumping tests were made to determine the coefficients of trans-
missibility and storage of the unconsolidated deposits of sand and
gravel in the Almond and Plover areas of the sand-plain province.
The results of the tests, which were obtained by use of the nonequilib-
rium equation, as deseribed by Theis (1935, p. 519-524) and by the use
of Boultons integral equation as described by Stallman (1961, p. 24-
29), are summarized in table 3.

The methods used to determine the coefficients are based on the
assumptions that the aquifer is of uniform thickness, of infinite areal
extent, and is honrogeneous and isotropic (that is, that it transmits
water with equal ease in all directions). It is assumed also that there
is no recharge to the formation and no discharge other than that from
the pumping well and that water may enter the well throughout the
full thickness of the aquifer. Although none of these conditions is
fully met in nature, pumping tests are of value if discretion is used
in their interpretation and if the prevailing geologic conditions are
reasonably understood.

TABLE 3.—Hydraulic characteristics determined from pumping tests

Coefli- Field co-
Thick- | Length | Specific | cient of | Coeffi- | efficient
Pumped well Obhservation wells ness of of test | capacity |transmis-| cient of | of per-
- aquifer | (hours) (gpm sibility | storage |meability
(feet) per ft) | (gpd per (gpd per
it) sq ft)
21/9/15-28 .. ____ Pt-21/9/15-209. ______..__ 1140 12 21 270, 000 0.15 1,900
21/9/9-60__._____ Pt-21/9/9-89_ _______.____ 1150 12 30 | 330,000 .14 2,200
23/9/18-279______ Arraﬂ of 21 observation 80 74 53 | 140,000 .15 1,750
wells,
24/8/34-57 and | Array of 26 observation 160 24 | 100, 000 .20 1,700
24/8/34-111, wells,
1 Estimated.

The tests of wells Pt-21/9/15-28 and Pt-21/9/9-60 in the Almond
area gave similar results (table 3). The wells were similarly con-
structed and tapped about equal thicknesses of the sand and gravel
aquifer, but neither well completely penetrated the full thickness of
the aquifer. The aquifer was considered infinite in areal extent be-
cause both recharge and barrier boundaries were more than a mile
from either well. The tests were conducted for 12 hours using shallow
drive-point wells for observation of water-level changes. The co-
efficients of transmissibility and storage averaged about 300,000 gpd
(gallons per day) per ft and 0.15, respectively. The field coefficient of
permeability averaged about 2,000 gpd per sq ft of aquifer.

The results of the test of well Pt—23/9/18-279 in the Plover area,
using an array of 21 observation wells, gave coeflicients of trans-
missibility and storage that averaged about 140,000 gpd per ft and
0.15, respectively (table 3). The field coefficient of permeability



GROUND WATER 37

averaged about. 1,750 gpd per sq ft of aquifer. Well Pt-23/9/18-279
was drilled with a reverse-rotary drill to the full thickness of the
aquifer, equipped with 20 feet of shutter screen, and gravel walled.
The observation wells, equipped with 2 feet of screen, were driven to
depths ranging from 21 to 28 feet.

In unconfined aquifers, such as those in Portage County, the co-
efficient of storage is practically equal to the specific yield of an
aquifer. The average coeflicient of storage determined by the pumping
tests, 0.15, is considered to be the minimum specific yield because the
length of time of pumping was not adequate for drainage of the de-
watered materials. When the water table recedes around the pumped
well, the less permeable layers of silt and sand yield water much more
slowly than do the more permeable layers of sand and gravel. Simi-
larly, when the water table rises, the less permeable layers are satu-
rated less rapidly than are the layers of sand and gravel. The
potential specific yield, 0.27, as determined in the laboratory, is con-
sidered to be the maximum specific yield and represents draining after
a prolonged period of pumping or a sustained drought.

The field specific yield, or “gravity yield” as proposed by Rasmussen
and Andreasen (1959), is the ratio of the volume of drained water
released during a period of ground-water recession to the total volume
of rock that was saturated or partially saturated. The average field
specific yield of the sand and gravel aquifer in the sand-plain province
is probably about 0.2.

The pumping tests of three wells in the Almond and Plover areas
have given hydraulic coeflicients for only a very small part of the sand
and gravel aquifer in the sand-plain province. Nevertheless, general
geologic information, logs of wells, and data on the specific capacity
of wells indicate that the aquifer characteristics determined by the
tests are representative of the aquifer in much of the sand-plain prov-
ince. liogs of wells in the province show that the sand and gravel
deposits extend over the entire area and contain only a few lenses or
interbedded layers of silt and silty clay. The averages of the specific
capacities reported for wells in the sand-plain province (table 4) agree
generally with the specific capacities determined by the pumping tests.

EFFECTS OF PUMPING ON WATER LEVELS

The results of the pumping tests may be used in a general way to
predict the rate and amount of lowering of water levels to be expected
at various times from a well whose rates of discharge are known. In
the sand-plain province the average thickness of the sand and gravel
aquifer is about 100 feet. On the basis of a coeflicient of transmissibil-
ity of 200,000 gpd per ft, a coeflicient of storage of 0.15, arbitrary
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pumping rates of 500 and 1,000 gpm, and arbitrary periods of 30 and
90 days of pumping, substitution may be made in the Theis nonequi-
librium formula to obtain the theoretical effects of pumping shown in
figure 11. By comparing the curves representing pumping at rates
of 500 and 1,000 gpm, it is apparent that the drawdown is directly pro-
portional to the discharge. The drawdown caused by a well pumping
2,000 gpm would be about twice that of a well pumping 1,000 gpm.

To prevent excessive declines in water levels because of interference
between pumping wells, the wells should be spaced an adequate dis-
tance apart. An adequate spacing between wells pumping 500 gpm
for 30 consecutive days is probably about 500 feet, and an adequate
spacing between wells pumping 1,000 gpm for 90 consecutive days is
probably about 2,500 feet. Estimates of the decline in water level at
any well can be made by adding together the drawdown effects caused
by surrounding pumping wells. These estimates will be larger than
the actual decline in water level because the effects of recharge were not
considered in preparing figure 11.

Inasmuch as the graph shown in figure 11 is made on the assumption
that the aquifer is infinite in areal extent and homogeneous in charac-
ter, it does not take into consideration the effects of hydrologic boun-
daries or drainage effects. Pumping of wells near boundaries, such
as streams and drainage ditches, will increase the overall yield of the
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FIGURE 11.—Theoretical distance-drawdown relation for high-capacity wells tapping the
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aquifer by permitting heavier pumping while maintaining the same
drawdown in water level. Such pumping near a stream induces re-
charge to the aquifer and reduces the flow of the streams by a like
amount. The yield of a pumping well near boundaries, such as the
sandstone ridges and mounds that occur in the area, will decrease or
the pumping level will decline. The yield may be satisfactory for a
considerable period, then decline rapidly when the expanding cone of
depression reaches the boundary. A further explanation of the effects
of boundaries is given by Ferris and others (1962).

SPECIFIC CAPACITY OF WELLS

The specific capacity of a well, or yield per unit of drawdown, is
expressed as the number of gallons per minute that a well yields for
each foot of drawdown of the water level in the well. Under water-
table conditions, this relation is approximately constant only when the
drawdown is but a small fraction of the saturated thickness of the
aquifer. The specific capacity is a measure of the performance of a
well because the drawdown depends also upon the differences in con-
struction and development of the well. However, a comparison of
specific capacities is useful in estimating the permeability of aquifers
and the relative efficiency of wells. The yields and specific capacities
of many of the high-capacity wells in the county are given in tables 4
and 5.

The highest specific capacities in Portage County are in wells in
the sand-plain province (table 4). In the Stevens Peint-Bancroft
area, the average specific capacity of 51 wells pumped at an average
rate of about 1,000 gpm was about 60 gpm per ft of drawdown. In
the Almond area, the average specific capacity of 14 wells was about
35 gpm per ft of drawdown at an average pumping rate of about 750
gpm (table 4).

In the drift province, the average specific capacity of 11 wells
pumped at rates varying from 70 to 900 gpm and averaging about 500
gpm was about 24 gpm per ft of drawdown (table 5).

MOVEMENT

Once water infiltrates to the zone of saturation its direction of move-
ment is lateral and nearly horizontal. Unless intercepted by a dis-
charging well, the water continues its lateral movement until dis-
charged as ground-water runoff to streams, lakes, and marshes, or
through evapotranspiration.
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TABLE 4.—Yields and specific capacitics of wells
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in the sand-plain province

Reported | Reported | Duration Specific

‘Well Pt- Diameter average | drawdown of test capacity

(inches) pumping of water (Liours) (gpm per

rate (gpm) | level (feet) ft)
Stevens Point-Bancroft area
21/8/13-304. . ... 18 1,375 25 3 55
-395_ 18 1, 200 9 4 133
15-303 18 1,090 29 3 37
16-277 o .___ 18 1, 000 21 8 48
22-301_ . 18 1, 500 25 3 60
-344 . 18 1,075 29 4 37
23-300__ . 18 1,400 29 3 48
20422 __ 18 950 17 4 56
36-438. - 18 1, 100 25 5 44
21/9/18-63.___ 6 220 20 4 11
-305 10 1,100 7 10 157
-310_. 18 1, 005 16 3 62
19-271. . 18 1, 500 23 5 65
=208 - 18 1,150 22 81% 52
=306 . 18 1,020 29 3 35
31435 . 18 1, 200 20 4 60
22/7/3-345. . 18 1, 600 34 5 29
~427 . 18 1, 000 32 4 31
4-282 . 18 1,100 18 3 61
=405 - e eee 18 800 25 4 32
20715312 T 18 750 42 3 18
22-313 . 18 1,020 11 3 92
22/8/1-283 18 1,200 8 6 150
-302 18 1,300 22 3 59
3-414__ 18 950 14 8 68
12-404 . 18 750 20 2 37
22/9/8-424 . . 18 1,000 21 2 48
19417 . 18 1, 500 16 4 94
el 18 1,300 26 3 50
23/7/27-285 . . 18 758 28 5 27
=855 L. 18 1, 000 19 5 53
23/8/3-27 e 24 1,500 12 10 125
24-340.__ . 18 948 25 4 38
27-430 . 18 1, 000 19 4 53
-433__ 18 1, 000 19 4 53
32-339__ 18 750 7 3 107
~343__ 18 885 27 4 33
34-425 18 1,000 9 4 111
23/9/7-258_ _ 20 650 11 5 59
18279 il 18 1, 060 20 74 53
20 e 18 1,200 20 5 60
412 e 18 1, 200 38 6 32
20-19. e i 14 600 11 135 55
-278 18 1,342 13 714 103
T4 450 56 8 8
30-398_ . 18 1,000 10 8 100
24/8/34-399__._ 26 2,020 24 12 85
24/9/8-311 e 18 800 29 3 28
28 e 18 700 33 4 21
19-294_ . 18 1,660 21 9 79
B0-426. - o eeaaaos 18 950 17 2 56
25/9/18-273 - e 30 1,400 19 7 74
AVerage oo 1,066 |oooooooom ol 60
Almond area

21/9/9-60_ - - e 12 520 17 8 30
—415__ 18 1,000 33 5 30
15-28.__ 12 470 22 12 21
-209._ 8 738 |l - J IS
-262_. 4 45 9 10 5
275 __ 18 1, 500 30 4 50
-401.__ 18 960 22 3 44
750 36 24 21
925 20 4 46
750 16 4 47
1, 000 13 15 77
450 19 4 24
650 30 4 22
700 24 8 29
C' 7 Y B 35
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TABLE 5.—Yiclds and specific capacities of wells in the drift province

Reported | Reported | Duration Specific

Well Pt~ Diameter | average |drawdown | of test capacity
(inches) pumping of water hours (gpm per
rate (gpm)| level (feet) 1t)

21/10/5-266 6 70 8 48 9
34-267 - 18 500 28 8 18
272 18 750 15 10 50
23/9/4-65_ 12 400 17 65 23
] 12 0o 3 5 r
20-334 : = 18 542 25 4 22
22-70__________ - - 16 860 17 48 50
27-440 . 12 900 60 12 15
25/10/23-331______ __ - - 18 400 36 4 11
25-330 . 18 716 25 3 29
Average .. . __ ... ____|-.._ IR 540 ||l 24

The general pattern of flow of ground water in Portage County can
be determined by the shape and slope of the water table. The ap-
proximate shape of the water table is shown by water-table contours
on plate 2. The contour lines connect points of equal altitude on the
water table, determined by measured altitudes of water levels in wells,
pits, lakes, and streams as control points. The direction of movement
of ground water is along flow lines; that is, it moves generally at right
angles to the water-table contours, where the aquifer is homogeneous
and isotropic, and at an acute angle, where the permeability of the
aquifer varies considerably.

Streams, lakes, and marshes ave the visible part of the ground-water
surface in the county. The invisible part occurs a few feet below
rhe land surface in the sand plains and stream valleys and as much as
200 feet below the crests of the moraine hills. The natural gradient
of the water table is nearly always toward the streams, lakes, and
marshes.

The principal factors that control the shape and slope of the water
table are the topography of the land surface and the underlying bed-
rock, the permeability of the materials through which the water moves,
the relative location of areas of recharge and discharge, and the rela-
tive rates of recharge and discharge.

In Portage County, the water table has the same general configura-
tion as that of the land surface, except that the water table is more
subdued in shape and is constantly fluctuating. Streams are the linear
sinks in the water table. A major ground-water divide separates
water flowing westward into the Mississippi River via the Wisconsin
River and water flowing eastward into Lake Michigan via the Little
Wolf and the Waupaca Rivers; this ground-water divide follows
generally the crest of the Quter moraine (figs. 5, 8).

The changes in hydraulic gradient are the result of vertical and
lateral changes in the permeability of rocks, variations in the thick-
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ness of saturated materials, variations in precipitation that affect
the rate of recharge, and variations in the rate of withdrawal of water
from wells. The gradient of the water table in the sand-plain pro-
vince ranges from 3 to 25 feet per mile (pl. 2) and averages about 5
feet per mile. Here the deposits of sand and gravel are thick, well
sorted, and very permeable. The 15-25-feet-per-mile gradient of
the water table between Bancroft and the Outer moraine is a reflection
of the steep slope of the land surface and the westward increase in
permeability between the till and the outwash. In the Almond-Arnott
areas, between the Outer and Second moraines, the gradient of the
water table is almost flat (pl. 2). Here, the saturated material is very
thick and has a coefficient of transmissibility of about 300,000 gpd
per ft.

In the drift province the water table has a steep gradient (pl. 2),
ranging from 5 to 40 feet per mile, because the saturated drift decreases
in thickness to the east; the aquifer ranges from permeable deposits
of outwash in the valleys and terraces to less permeable sandy till in
the moraines.

The rate of movement of ground water is dependent upon the hy-
draulic gradient and the permeability and thickness of the aquifer.
The velocity of ground-water movement under natural conditions is
very slow and can be estimated from the equation (see Butler 1957, p.
73):

Q):P[/7.48»S?/

where v= velocity of flow of ground water, in feet per day,
P=coefficient of permeability, in gallons per day per square
foot,
I=hydraulic gradient, in feet per foot, and
Sy=specific yield, fraction.

In the sand-plain province west of Bancroft, where the hydraulic
gradient is about 5 feet per mile, the ground-water velocity in the sand
and gravel aquifer is about 1 foot per day. In the Plover and Stevens
Point area, where the gradient is about 20 feet per mile, the velocity
of movement through the sand and gravel aquifer is about 3 feet per
day. The velocity of movement through the sandy till in the drift
province is probably less than a foot a day.

Under heavy pumping conditions, the velocity of ground-water
movement in the sand and gravel aquifer in the sand-plain province
varies from a few feet per day at a distance of several thousand feet
from a pumping well to as much as 1,000 feet per day near a pumping
well.
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Buried sandstone ridges of low permeability extend into the highly
permeable sand and gravel aquifer in the sand-plain province (pl. 1)
and retard and divert the flow of ground water. Such ridges act as
ground-water dams retarding the movement of water immediately up
the hydraulic gradient. Near Plover, a buried sandstone ridge par-
tially blocks the movement of ground water toward the Wisconsin
River and increases effluent seepage into the Little Plover River. In
the Bancroft areas, subsurface parts of Mosquito Mound and isolated
ridges shown on plate 1 also control the movement of water in the
sand and gravel aquifer.

WATER-LEVEL FLUCTUATIONS

Changes of water levels in wells reflect the changes of water in stor-
age In ground-water reservoirs. The volume of ground water in stor-
age varies with changes in the amounts of recharge and discharge.
When recharge exceeds discharge, there is an increase in the amount
of water in storage and a rise in water levels in wells. Conversely,
when discharge exceeds recharge, the quantity of ground water in stor-
age decreases and water levels in wells decline. Unlike the flat sur-
face of water stored in a surface reservoir, the surface of water stored
in a ground-water reservoir may rise in some parts of an area and at
the same time fall in other parts. Therefore, significant net changes
in ground-water storage cannot be detected unless water-level changes
are recorded at points scattered throughout the area. Although there
are seasonal changes of several feet in the water table, the drainage
divides and directions of movement remained almost constant during
the period of study.

A continual discharge of ground water by seepage into streams and
by evapotranspiration causes a gradual lowering of the water table,
except during and immediately after the melting of snow on the sur-
face or after periods of significant precipitation. During these
short periods, recharge to the underground reservoir exceeds the
discharge from it and the water table generally rises. In a year of
normal precipitation and snowmelt, the recharge to the underground
reservoir is approximately equal to the discharge and the reservoir is
in a state of approximate equilibrium.

The hydrographs of wells (figs. 12, 14) show a general decline of
water levels during the winter months. During the winter, ground
water continues discharging to streams and lakes, but precipitation,
in the form of snow and ice, is stored on the surface and is prevented
from recharging ground water by the frost zone in the soil.

778029 O—65——4
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FiGURE 13.—Changes in water levels in wells Pt-22/7/35-85, Pt-23/7/34-34. and Pt—
24/6/2-82 in Portage County, 1950-60.
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F1GURE 14.—Changes in water levels in wells Pt-24/8/2-40 and Pt-24/10/28-15
in Portage County, 1950-60.

The period of the spring rise of water levels from the melting of
snow and from precipitation that falls during the period before
vegetation begins to remove moisture from the soil is the most im-
portant annual period of recharge. As air temperatures rise in the
spring, the snow melts, the ground thaws, and parts of the melting
snow and of the frost in the soil recharge the ground-water reservoir.
The amount of moisture in the ground, the depth of freezing, and the
rate of melting influence the amount of snowmelt that soaks into
the ground.

The relation between daily precipitation, snow on the ground, daily
mean temperature, and water levels in a well at Junction City is shown
in figure 15. Daily precipitation does not affect the water level until
the frost is gone from the ground and snow has melted. On March 5,
the water level began to rise when the mean temperature rose above
freezing and continued to rise until the snow had melted from the
ground.

Water levels gradually decline during the growing season because
the natural discharge exceeds the recharge. Soil moisture removed by
vegetation must be replenished by precipitation before ground water
can be recharged. Only large amounts of precipitation overcome the
soil moisture deficit and cause a rise in water levels or temporarily
interrupt the seasonal decline. Water levels often rise in the fall when
precipitation occurs after the vegetation has been killed by frost.

Ground-water levels in the county are high during long periods of



GROUND WATER 47

above-average precipitation and low during long periods of below-
average precipitation. Ground-water levels were generally high in
194548, 1951-54, and 1960-61. They were low in 1949-51 and 1956-59.

During the drought of 1956-59, water levels in many wells de-
clined 3 to 6 feet, a few shallow wells failed to yield water, stream-
flow declined, and stages in land-locked lakes were reported to have

2 VAN
~ | A

Hydrograph of well Pt-24/6/2-82
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FIGURE 15.—Changes in water level in well Pt—24/6/2-82 and climatological
data near Stevens Point, Wis., 1952. Climatological records from U.S.
Weather Bureau.
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been lower than those observed in many previous years. The decline
in stage of land-locked lakes ranged from 2 to 6 feet while the decline
in stage of lakes drained by streams was generally less than a foot.
Because many of the land-locked lakes are shallow near shore, the
decline m stage exposed 20 to 50 feet of lake bottom and shrank ma-
terially the lakes' area. Although the decline in the stages of lakes
drained by streams was slight, the flow of the streams was reduced.

Evidence does not support the commonly held belief that the
1955-59 decline in water levels and lake stages was a result of increased
pumpage from irrigation wells. The cause for the decline in the
water table, lake stages, and discharge of streams was a cumulative
deficiency in precipitation. The amount of withdrawal of water from
wells near the lakes is minor. Most of the large withdrawals of
water from wells occurred in the Wisconsin River basin, whereas the
lakes having large declines in stage were in the Waupaca River basin.

The withdrawal of water by pumping from wells temporarily
lowers the water table around individual wells but does not materially
affect the conformation of the regional water table. As long as the
large-producing wells are spaced at distances sufficient to prevent
mutual interference (fig. 11) and the average annual pumpage is
less than the average annual recharge, there will be no significant
declines in regional water levels.

RECHARGE
NATURAL RECHARGE

Precipitation in the form of rain or melting snow is the only
significant source of recharge to ground water in Portage County.
Underflow is the source of some recharge along the northern and
northwestern boundaries, but the amount 1s too small to be a factor
in the water budget.

The capacity of the soil to hold and to transmit water downward
determines how much of the precipitation will pass through the soil
and recharge the aquifer. Recharge to the aquifer does not occur
until soil-moisture deficiencies are overcome. Deficiencies in soil
moisture occur when evaporation and water demands of the plants
exceed the water entering the soil. Soil-moisture deficiencies are
greatest during the months of June, July, and August (fig. 4). Be-
cause soils are generally sandy in the sand-plain and the drift prov-
inces, they retain less water and are more permeable than the silt and
clay soils in the drift-crystalline rock province. As mentioned on
page 35, the sandy soil in the sand-plain province has a high specific
yield, and the soil will therefore transmit water rapidly downward
to recharge the sand and gravel aquifer.
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The amount of water that recharges the sand and gravel aquifer
of the sand-plain province can be estimated by multiplying the esti-
mated field specific yield by the average rise in the water table. In
1953, nearly all the recharge occurred in the spring from snowmelt
and precipitation. The average rise in water levels, measured in
eight observation wells in the sand-plain province was about 2.5 feet.
Although this 2.5 feet is the average rise in water levels, it does not
include the effects on the water table of that part of the recharge
that was equal to the ground water discharging to streams during the
rise. 'This part of the recharge was calculated by projecting the winter
declining trend in water levels to the dates on which the peaks of the
spring rise occurred. The average difference between the peaks of
the water-level rise and the projected declines for the observation
wells was 3.1 feet. The average ground-water recharge that occurred
during the spring of 1953 was therefore 3.1 feet X 12X 0.22(specific
yield) =8.2 inches or about 142 million gallons per square mile. Dur-
ing the remainder of the year, the water levels rose about 0.6 foot which
is equivalent to about 1.6 inches of recharge. The recharge to the
302 square miles of the sand-plain province in 1953 is estimated as
being about 10 inches or about 225 cfs,

Recharge to ground water is partially or wholly rejected in areas
where the water table is at or near the surface and where relatively
impermeable materials occur near the surface. In the drift-crystalline
rock province, extensive marshes, shallow water levels, clay till, and
crystalline rocks near the surface all have combined to decrease
recharge and increase surface runoff. A comparison of the discharge
of the Big Eau Pleine River, in Marathon County, which is considered
to be representative of the discharge from the drift-crystalline rock
province, with the discharges of the Little Plover and Waupaca Rivers
(fig. 6), in the sand-plain and drift provinces, indicates the com-
paratively small recharge to the drift-crystalline rock province.
From March 20 to 26, 1960, runoff from melting snow increased the
discharge of the Big Eau Pleine River by a factor of 220, from 27
cfs to 6,000 cfs; the Little Plover River by a factor of 6, from 6.1 cfs
to 36 cfs; and the Waupaca River by a factor of 5, from 192 cfs to
988 cfs. Each of the basins had 8 to 9 inches of snow on the ground
and received little or no precipitation during the period of snowmelt.

In areas where recharge is rejected because the water table is at
or near the surface, increased pumping withdrawals and the attend-
ant decline in water levels should result in recharge to the ground-
water reservoirs. A moderate drawdown in water levels in the Mill
Creek area near Junction City, could increase recharge to the shal-
low aquifer.
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INDUCED RECHARGE

The pumping of ground water from wells near streams, lakes, or
marshes, affects local ground-water movement and runoff, and directly
or indirectly affects streamflow and the stages of lakes and marshes.
The heavy pumping of these wells lowers locally the water table below
the stage of the river and induces the movement of river water from
the stream and toward the wells. The distance of the pumping well
from the stream, the rate and duration of pumping, and the geologic
and hydraulic characteristics of the aquifer within the pumping area
determine the time delay and the magnitude of the effect of the pump-
ing on the stream. The pumping of wells at distances greater than
2,000 feet (fig. 11) from a stream may not induce recharge from the
stream but will intercept part of the ground water that would nor-
mally move to the stream.

In 1961, recharge was induced from the Plover River near Stevens
Point and Whiting and from the Waupaca River near Amherst. A
few irrigation wells temporarily induce recharge from smaller streams.
The municipal well field for Stevens Point and several industrial well
fields are located near the Plover River in order that river water will
supplement gronnd water, increase the yield of the wells, and reduce
water-level declines.

A pumping test made on November 2, 1950, at the Stevens Point well
field shows the effect that pumping of wells has on the water table and
on the movement of water from the Plover River. Figure 16 shows
the configuration of the water table after wells 1 and 2 were pumped 24
hours at rates of 1,300 and 1,700 gpm, respectively. Well 1 is 65 feet
in diameter, 30 feet in depth, and about 700 feet from the Plover River.
Well 2 is 2 feet in diameter, 50 feet in depth, and about 150 feet from
the nearest bank of the Plover River. The sand and gravel aquifer
is about 55 feet thick.

Prior to pumping, the water level in the wells and the surface of the
Plover River were approximately the same level. After the pumps
were started, water was withdrawn and cones of depression formed
around the pumped wells. As pumping continued, the water levels
continued to decline and the cone of well 2 expanded until it inter-
sected the Plover River. The slope of the water table between the
Plover River and well 2 induced water to move from the river toward
the well. The recharge from the Plover River stopped the eastward
expansion of the cone and limited the decline of the water table. The
cone of well 2 expanded westward toward well 1 because of the com-
bined effects of the pumping of both wells on the water table.
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FIGURE 16.—Sketch map of configuration of water table and cross section of part of
Stevens Point, Wis., well field, showing effects of pumping from wells.

Any artificial discharge such as pumping from wells will decrease
the natural discharge and may increase the recharge. The local low-
ering of the water table, caused by pumping from wells, dewaters a
part of the aquifer and thus allows an increased amount of water to
infiltrate and recharge the aquifer. This recharge in turn reduces
the surface runoff. Tf the high-capacity wells are spaced far enough
apart to prevent excessive mutual interference and the average annual
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pumpage is less than the average recharge, there will be no significant
declines in regional water levels.

DISCHARGE

Ground water is naturally discharged by seepage into streams, drain-
age ditches, marshes, and lakes and by evapotranspiration and under-
flow. Underflow is ground water that moves out of the county before
being discharged to streams. The pumping of wells and pits is the
chief means for artificial discharge.

GROUND-WATER RUNOFF

The ground-water contribution to the runoff from Portage County
was determined by examining the hydrographs for 1960 and 1961 for
the Waupaca River, near Waupaca; for the Little Plover River, at
Plover; and for the Big Eau Pleine River, near Stratford, and by
estimating the annual rate of ground-water discharge to the streams.
The geologic and hydrologic conditions of the Waupaca River basin,
the Little Plover River basin, and the Big Eau Pleine River basin are
representative of the drift, sand-plain, and drift-crystalline rock prov-
inces, respectively (fig. 6).

The hydrograph and the duration curve (fig. 6) for the Waupaca
River near Waupaca indicates that about 90 percent of the runofl,
during about 90 percent of the time, is derived from ground water.
Inasmuch as the average annual runoff of the Waupaca River from
Portage County is about 10.5 inches, the average annual ground-water
discharge is probably about 9 to 10 inches. Examination of the hydro-
graph and the duration curve (fig. 6) for the Little Plover River, at
Plover, indicates also that about 90 percent of the runoff during about
85 to 95 percent of the time, is derived from ground water. The aver-
age annual runoff of the Little Plover River is about 10 inches; ground-
water discharge 1s therefore about 9 inches. The ground-water con-
tribution to the Big Eau Pleine River was more difficult to determine
because of extremely low flows (no flow was recorded from January 22
to February 5, 1961) and surface-water storage in marshes. However,
the ground-water discharge to the Big Eau Pleine River, which occurs
about 75 percent of the time (fig. 6), is probably about 10 to 20 percent
of the annual runoff or about 1to 2 inches.

The approximate annual rate of ground-water runoff from the sand-
plain province is about 9.3 inches or about 210 cfs, from the drift
province is about 9.5 inches, or about 220 cfs, and from the drift-
crystalline rock provinee is about 2 inches, or about 30 cfs. The aver-
age ground-water contribution to all streams in Portage County is
about 75 percent of the runoff or about 8 inches of the 10.3 inches esti-
mated as the annual rate of runoff.
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Ground-water runoff during dry periods is estimated to vary from
0.5 to 1.0 cfs per sq mi in the sand-plain and drift provinces, and be-
tween 0.0 and 0.4 cfs per sq mi in the drift-crystalline rock province
(fig. 6).

Another method of estimating the amount of ground water that
discharges from the sand and gravel aquifer in the sand-plain province
1s to multiply the estimated field specific yield (0.22) by the average
decline in the water table. The average water-level decline in eight
observation wells in the sand-plain province, which occurred between
the crest of the 1953 spring rise of water levels and the lowest water
level before the spring rise of 1954, was about 3.6 feet. The estimated
ground-water discharge was therefore about 9.5 inches or about 165
million gallons per square mile. The ground-water discharge from
the 302 square mile area of the sand-plain province is estimated as
being about 136 mgd (million gallons per day) or about 210 cfs. The
greatest part of this ground-water discharge enters drainage ditches
and streams as ground-water runoff. A small part leaves the county
as underflow or is discharged to the atmosphere by evapotranspiration.

The change in ground-water storage for a given period is the differ-
ence between the amount of recharge to the ground-water reservoir
and the amount of discharge from the reservoir as runoff and evapo-
transpiration. Between March 1953 and March 1954 the net change
in ground-water storage in the sand-plain province was a loss of about
0.5 inch or about 11 cfs. The average water-level decline in the
observation wells was about 0.2 foot.

UNDERFLOW

The underflow from the county is considered to be very small, most
of the underflow being to Wood and Waupaca Counties. Virtually
no underflow enters Marathon, Adams, or Waushara Counties. From
a local standpoint, ground water moving out of the county is con-
sidered to be a discharge process, although the water remains in the
zone of saturation, is available for water users, and will discharge to
streams in adjacent counties.

An estimate of the amount of water leaving the county by underflow
along the Wood County line may be made by using the formula

Q=TIW

where ¢ =quantity of water, in gallons per day,
7' =transmissibility, in gallons per day per foot,
I=gradient of the water table, in feet per mile, and
W =cross-sectional width of aquifer, in miles.
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The estimated coefficient of permeability of 2,000 gpd per sq ft times
an estimated average thickness of an aquifer of 80 feet gives a co-
efficient of transmissibility of 160,000 gpd per ft. The aquifer width
along the Wood County line is about 11 miles and the water-table
gradient is about 4 feet per mile. On the basis of these figures, the
quantity of water leaving the sand-plain province by underflow is
about 7 mgd, or about 11 cfs.

The estimated total underflow from the county in 1944, was about

14 cfs.
PUMPAGE

The withdrawal of ground water from wells has increased greatly
since 1952, most of the increase being for industrial, irrigation, and
municipal use in the sand-plain province. In 1960, the ground-water
pumpage in the county was about 13 mgd, of which 89 percent was
withdrawn from the sand-plain province. The total pumpage from
the sand-plain province, about 11.4 mgd, represents only about 5 per-
cent of the estimated average annual recharge. About 3.5 mgd of the
pumpage from the sand-plain province, mostly irrigation water, was
consumed, that is, lost. by evapotranspiration. Most of the remainder
was discharged to streams, and a small amount was returned to ground

water.
EVAPOTRANSPIRATION

Evapotranspiration from ground water includes direct evaporation
of moisture from the capillary fringe of the saturated zone, where the
water table is near the surface, and transpiration by plants and trees
where thetr roots extend to the capillary fringe. In Portage County,
evapotranspiration undoubtedly consumes a significant amount of
ground water because the water table is seasonally at or near the sur-
face of about 60 square miles of land. The loss of ground water by
evapotranspiration is included in the estimates of evapotranspiration
from soil moisture made earlier in this report.

QUALITY OF WATER
CHEMICAL CHARACTER

Precipitation contains very little mineral matter in solution. How-
ever, as water passes over and through the ground, it dissolves organic
and clay acids and mineral substances. The character and amount of
mineral matter dissolved depends on the amounts of dissolved gases,
the chemical nature of the soil and rock materials, and the nature and
duration of their contact with water.

The rate of movement and duration of time that the water is in
contact with rocks are important controls on the concentration of
dissolved substances. Water that has had only a short duration of
contact with the rock while moving between its point of recharge and
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point. of discharge will contain less dissolved solids than will water
that has moved more slowly along a similar path, the character of
the rock and other factors remaining constant.

To appraise the general chemical quality of the water in the
aquifers, 69 samples of water were collected from wells and analyzed
by the Wisconsin State Laboratory of Hygiene and the U.S. Geological
Survey. Representative analyses are given in table 6. The analyses
show only the dissolved mineral content of the water and do not
indicate sanitary conditions.

HARDNESS

Water having a hardness of 0 to 60 ppm (parts per million) is gen-
erally considered soft and is suitable for nearly all purposes. Water
having 61 to 120 ppm hardness is considered moderately hard but it
is usable for most purposes except in high-pressure steam boilers.
Water whose hardness ranges from 121 to 180 ppm is considered hard,
and laundries and industries may have to soften it. If the hardness is
more than 180 ppm, the water is considered very hard and is generally
softened for most uses. Where water supplies are softened, the hard-
ness is generally reduced to less than 90 ppm. The distribution of
hardness in ground water in Portage County is shown in figure 17.

Water from wells in the drift province is generally hard to very
hard (fig. 17). Dolomite, a common constituent in glacial till and
ice-contact deposits in this area, is considered the source of the calcium
and magnesium that are the principal causes of hardness. Other con-
stituents, such as iron, manganese, and strontium, also cause hardness
but generally they are not present in sufficient quantities to have an ap-
preciable effect on the hardness.

Water in the outwash sand and gravel near the Wisconsin River and
the western part of the sand-plain province is soft and low in total
dissolved solids. The availability of a water supply of such excellent
quality is of prime importance to paper-manufacturing companies in
this area.

A local area having very hard water occurs in Tps. 21 and 22 N, and
Rs. 7 and 8 E. (fig. 17). The slope of the water table is about 3 feet
per mile (pl. 2) and the high concentration of hardness is attributed
to the slow movement of the ground water.

IRON

Iron in water in excess of 0.3 ppm is objectionable because iron pre-
cipitates cause reddish-brown stains on porcelain plumbing fixtures,
enamel ware, and clothing or other fabrics, and interfere with paper
manufacturing, dyeing, tanning, and other industrial processes. (U.S.
Public Health Service, 1962).
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Excessive amounts of iron occur also west of Stevens Point in sand-
stone and in thin deposits of sand and gravel. Poor drainage, reduc-
ing conditions in numerous swamps and marshes, and iron-oxide
cemented sandstone contribute to local iron concentrations of as much
as 12 ppm.

The high concentration of iron in ground water in the Junction City
area may be attributed to the leaching of schist bedrock high in iron-
bearing minerals, to a reducing environment, and to the slow move-
ment of ground water. The poor drainage of the area and the thin
covering of drift has contributed to the decomposition of the schists.

The concentration of iron in ground water varies not only from area
to area but also with depth. Water from test well Pt-21/7/1-251,
equipped with an 18-inch well screen, was sampled at depths of 3, 8,
13, and 19 feet below the water table. The iron content of the water
increased from 1.5 ppm at 3 feet, to 12.0 ppm at 8 and 13 feet, and to
20 ppm at 19 feet. At the same time, the sulfate content of the water
varied from 27.2 ppm at 3 feet, to 10.0 ppm at 8 feet, to 13.2 ppm at 13
feet, and to 6.0 ppm at 20 feet.

SODIUM

Sodium in ground water used for irrigation is a problem in arid
areas where base exchange of sodium for calcium or magesium in soils
reduces permeability. In Portage County, however, sodium in ground
water used for irrigation is not a problem because the sodium content
of ground water is very low, about 4 ppmj the soil is sandy and is not
subject to base exchange; and recharge is about 10 inches per year.

TEMPERATURE

An important advantage of the use of ground water for industrial
purposes is its relatively constant temperature. The temperature of
water discharged from wells deeper than about 60 feet averages about
48°F. and varies less than 2°F. The temperature of water discharged
from shallow wells ranges from 37°F. to 58°F. and averages about
50°F. This wide range in temperature is caused by seasonal varia-
tions in air temperature. The range in water temperature diminishes
with the depth of the well.

The temperature of ground water entering streams is very important
to the propagation of trout, because trout require cool and constantly
flowing water. Most of the streams in the sand-plain and drift
provinces meet these requirements and have good trout populations.

POLLUTION

The disposal of domestic and industrial wastes into the ground
and into streams has created locally complex problems of pollution
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of the county’s water resources. Although the treatment of sewage
and waste waters is steadily improving, the problem of pollution is
expected to continue because greater volumes of liquid waste are
constantly being produced. The Wisconsin and Waupaca Rivers are
the streams most utilized for direct discharge of treated and partially
treated domestic and industrial wastes. Wastes from cesspools or
septic-tank systems are the principal source of pollution of ground
water.

The disposal of refuse on the surface is another possible source of
pollution to ground water. Both biological and chemical contami-
nants may be leached from refuse by the movement of water through
the refuse. Sand and gravel deposits act as a natural filter bed and
restrict the movement of bacterial contammants into the ground-
water reservoir. Chemical contaminants, because they are usually in
solution, are not removed by the natural filter and may contaminate
ground water.

Water is said to be polluted if it contains manmade substances in
concentrations that are objectionable for intended uses. Water that
has been polluted may have displeasing tastes, odors, and colors;
detergents or natural organic constituents may create foam, or the
water may contain nitrates, bacteria, and viruses that may be detri-
mental to health. A colorless water may be polluted. It is especially
important to safeguard the quality of a ground-water supply from
pollutants because once an aquifer is polluted, it may take months
or years for the pollutant to be flushed out.

Pollutants generally decrease in concentration with time, with
chemical or physical sorption, and with dilution through dispersion.
Some pollutants may become harmless and undetectable near the
points of release and others may travel for great distances.

Dairy plants and cheese factories generally provide complete treat-
ment or use land disposal of liquid wastes. Although there are no
sulfite pulp mills in the county, mills located upstream on the Wis-
consin River contribute partially treated sulfite-liquid waste to the
stream. The treated discharge of paper mills in Portage County is
not considered to be a source of pollution to the Wisconsin River.

The piezometric map, plate 2, may be used to define the path of
movement of liquid waste through the ground-water reservoir. The
approximate direction of movement can be determined by extending
a flow line from the point of discharge and at approximately right
angles to the water-table contours until the flow line extends back
to the point where the liquid waste was introduced. This method
may also be used to determine the best direction for locating a water
supply away from a source of pollution.
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Although a heavily pumped well near a river may induce move-
ment of polluted river water toward the well, the sand and gravel
in the aquifer acts as a filtration system that generally removes
bacterial pollutants.

WATER USE

The abundant water resources of the county are developed on a
moderate scale. Virtually all water for domestic and public supply
1s derived from wells. Most of the water used for irrigation and
industry is supplied from wells and pits. Ground water supplies
about 75 percent of the water used by stock. Surface-water resources
are used for power generation, for industry, and for wildlife and
recreation.

The total amount of ground water withdrawn in 1960 in Portage
County is estimated to be 4.8 billion gallons or an average withdrawal
rate of 12.8 mgd. The estimated rate of discharge ranged from about
9 mgd in the winter months to about 15 mgd in the summer months.
The use of water for irrigation is generally restricted to June, July,
and August. Table 7 gives the rates of ground-water use in 1960
by type of use and by ground-water province. Of all ground water
used in the county in 1960, about 89 percent was withdrawn from
the sand-plain province, about 9 percent from the drift province, and
about 2 percent from the drift-crystalline rock province.

About one-third of all ground water withdrawn in 1960 in the
county is estimated to have been discharged to the atmosphere or
incorporated in the products of vegetative growth, food processing,
or manufacturing. Irrigation consumed the largest quantity of water,
about 3.0 mgd, and municipalities, industries, and stock consumed
about 0.8 mgd.

Portage County’s water budget for 1960 showed that about 300
mgd of ground water was released to streams. In 1960, estimated
ground-water use totaled 12.8 mgd or about 4 percent of the renew-
able supply. Only 3.8 mgd or about 1.2 percent of the renewable
supply was consumed. The remaining 9 mgd that was withdrawn
discharged into streams or recharged ground water. It is evident,
therefore, that the consumptive use of water is insignificant to the
county’s available and renewable water supply.

Although the current use of water in Portgage County is only
about 4 percent of the renewable supply, the withdrawal of water
{or industrial, municipal, and irrigation uses has increased rapidly in
the last 7 years and is expected to increase at the same or at an even
greater rate during the next 10 years.
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TasLe 7.—Use of ground water in ground-water provinces in Portage County,

Wis., 1960
[Use: D, Domestic; 8, stock; PS, Public supplies; Ind, industrial; Irr, irrigation]
Use (million gallons per day)
Ground-water provinces
D S PS Ind Irr Total
Sand-plain 0.2 0.1 2.1 5.6 3.4 11.4
Drift-crystalline-rock .1 .1 .0 .1 .0 .3
Drift. . .2 .1 .1 .3 .4 1.1
Total water withdrawn_____________ 0.5 0.3 2.2 6.0 3.8 12.8
Total water consumed. ___..________ .0 .3 .2 .3 3.0 3.8

PRIVATE INDUSTRY

Private industry is important in the county for it provides more
jobs than do agriculture and forestry. Of about 60 manufacturing
and processing industries in the county, the chief are production of
paper, furniture, fishing equipment, milling products, condensed
milk, cream, butter, and cheese. The withdrawal of ground water for
industrial uses increased from an estimated 2.6 mgd in 1954 to an esti-
mated 6.0 mgd in 1960, an increase of about 130 percent in 6 years.

Paper-manufacturing plants are the largest users of ground water
in the county. Three paper mills, along the Wisconsin River between
Stevens Point and Plover, use ground water for much of their
processing.

The principal industrial use of surface water is for cooling and for
the production of paper. In 1960, the withdrawal of surface water,
nearly all of it from the Wisconsin River, was about 0.3 mgd. The
water 1s returned to the river unchanged in quantity but generally
changed in temperature and quality. This change does not measura-
bly affect the temperature and quality of the Wisconsin River because
of the large flow of the river.

An average of about 12,600 cfs of water from the Wisconsin River
was used in 1960 to generate electric power. The DuBay, Stevens
Point, Wisconsin River Division, and Whiting-Plover hydroelectric
stations used about 3,700, 3,600, 3,800, and 1,500 cfs, respectively.
Much of the water was used more than once. In 1960, these stations
generated about 129 million kilowatt hours of electrical energy.

Water power is a nonconsumptive use because the water is returned
to the river unchanged in quantity and quality. However, water
stored in the reservoirs has a high rate of evaporation. The amount
of evaporation has been included in the estimate of evaporation from
bodies of surface water discussed earlier in the report (p. 9).
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PUBLIC SUPPLY

The cities of Stevens Point and Amherst have public water supplies
obtained from wells. Residents of urban communities in the re-
mainder of the county obtain water from private wells.

The water supply for Stevens Point comes from five wells that
served a population of 17,837 persons in 1960. All the wells are within
1,000 feet. of the Plover River and tap about 60 feet of unconsolidated
sand and gravel. The monthly pumpage in 1960 ranged from about
1.4 mgd in December to 3.4 mgd in July and averaged 1.9 mgd. The
total pumpage in 1960 was 709 million gallons.

Pumpage from wells close to the Plover River induces river water to
recharge the aquifer. This induced recharge increases the yield and
specific capacity of the wells.

The water supply for Amherst (1960 population, 596) is obtained
from a well that is 60 feet deep and taps water in unconsolidated sand
and gravel. The well is within 50 feet of the Waupaca River. In
1960, total pumpage was about 19.9 million gallons, and the daily
pumpage ranged from 239,400 gallons on August 1 to 28,800 gallons
on October 19.

DOMESTIC AND STOCK

Nearly all farm homes and all urban homes, not using water from a
public water system, obtain water for domestic use from private wells.
The wells are generally of small diameter and yield less than 20 gpm.
The installation of modern plumbing facilities and the increasing
water requirements of dairy farms have increased the rural consump-
tion of water in recent years. Although the daily use of water differs
greatly among people, the assumed average is about 45 gpd per person.
The total domestic water use in rural areas in the county in 1960 is
estimated to have been about 0.5 mgd.

In 1960, about 140 million gallons of water, or about 0.4 mgd, were
used for stock. This estimate was obtained by assuming average daily
use (MacKichan and Kammerer, 1961) for stock reported in the 1960
agricultural census from Portage County (Wisconsin Department
Agriculture , 1960). About 0.1 mgd of the water used for stock was
withdrawn from surface water and 0.3 mgd from ground water.

IRRIGATION

Supplemental irrigation is becoming an increasingly important use
of water in the county. Although Portage is one of Wisconsin’s lead-
ing potato-producing counties and potatoes are its principal cash crop,
the production of snap beans, cucumbers, and other field crops is
rapidly growing. The gain in irrigated land from 2,800 acres in
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1954 to 6,900 acres in 1960 is indicative of the rate of growth. Figure
19 shows that the annual quantity of ground water pumped for irriga-
tion increased from an estimated 900 acre-feet in 1949 to about 1,800
acre-feet in 1954 and to an estimated 4,300 acre-feet in 1960.

The use of water from pits has decreased because: (1) Pits require
periodic maintenance; (2) pits and spoilbanks take land out of pro-
duction; (8) it is not economically feasible to construct pits where
the water table is more than 10 feet below the land surface; (4) many
of the mechanized irrigation systems are designed for wells; and (5)
properly constructed wells in sand and gravel aquifers have greater
sustained yield.

During the 1959 growing season, when precipitation and soil mois-
ture were above average, the pumpage decreased but the total number
of wells increased (fig. 19). The average withdrawal of water from
an irrigation well in 1959 was about 37 acre-feet; in 1958 it was about
58 acre-feet and in 1960 about 48 acre-feet.

The use of surface water for irrigation in 1960 was limited to short-
term withdrawals of water from a lake and a stream in the eastern part
of the county. Approximately 90 acre-feet of surface water was
applied during the growing season to about 170 acres. . During the last
few years, irrigation with surface water has gradually decreased
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whereas irrigation with ground water has rapidly increased. One
reason is that ground water generally can be obtained within the area
to be irrigated. Another reason for this increase is that the use of
ground water is not as restricted by law as is the use of surface water.

Wisconsin has in force a modification of the riparian doctrine which
permits the diversion of surface water for irrigation with the consent
of riparian owners, but no water shall be so diverted to the injury of
public rights in the water. Practically all surface waters in Wisconsin
are owned by the State and held in trust for the benefit of all citizens.

The Wisconsin Public Service Commission issues permits under
Wisconsin Statute 30.18 (1959) for agricultural irrigation. The
temporary diversion of surplus water (storm runoff) is lawful under
this statute.

A land owner has the legal right to unrestricted use of ground water.
The only exception is a Wisconsin Statute that gives the Wisconsin
State Board of Health the authority to protect the ground-water sup-
ply used by a municipality from being interfered with by the develop-
ment and operation by others of a well having a capacity of more
than 100,000 gpd.

WILDLIFE AND RECREATION

The wildlife and recreational uses of water such as swimming,
boating, fishing, and hunting cannot be measured in million gallons
per day or in dollars; however, recreation is a vital and rapidly
growing industry that involves many people in the area. Water is
a necessity for the continued propagation of wildlife.

Water for commercial and private tourist establishments and cot-
tages, located on lake and stream shores, is obtained generally from
small-diameter wells. The annual withdrawal of ground water by
the recreational industry in the county is about 10 million gallons, or
about 0.1 mgd during the summer months. This special use was
included with “domestic use” in table 7.

WATER-MANAGEMENT PROBLEMS AND THEIR
POSSIBLE SOLUTIONS

Portage County has an abundance of good quality water available
for many uses, but the increasing demands for water may be affected
by diverse water-management problems, such as pollution of water,
inadequate water supply, excessive declines in water level, undesirable
chemical quality of water, conflict of interests, and floods.

POLLUTION

The pollution of ground water is a present and potential problem
in many local areas of the county. Increased chances for pollution
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exist in those areas where (1) housing is concentrated and waste is
discharged into absorption units of septic-tank systems and into pit
privies; (2) the water supply is obtained from a shallow well screened
just below the water table; (3) the water table is near the land surface;
(4) the soil is permeable, and the pollutant moves downward readily
into the aquifer; (5) the aquifer consists of sand and gravel or frac-
tured granite; and (6) the aquifer is thin and underlain by im-
permeable clay or granite. Although a few of these conditions exist
in most parts of the county, the greatest chances for pollution are in
the Junction City, Whiting, Plover, Stevens Point, Bancroft, Rosholt,
and Amherst areas.

One method of correcting the ground-water pollution problem in a
concentrated housing area is to construet a central sewage-treatment
system. Stevens Point, Whiting, Almond, and Amherst have such
systems (Wisconsin State Board of Health, 1962). Another method
would be to develop a central water-supply system isolated from areas
of pollution.

In areas where ground water is polluted, supply wells should be
located at a maximum distance and in an appropriate direction (up-
gradient) from the sources of pollution. An alternate solution might
be to deepen the wells, where practicable, to a depth where the
hydraulic pressure is greater than that near the surface.

At present, the streams and lakes in the county are generally free
of pollution. An exception is the Wisconsin River that locally con-
tains diluted and treated or partly treated sanitary sewage and in-
dustrial wastes. The oxygen in the river water gradually decomposes
much of the pollutants in the stream; however, if the river becomes
overoladed with wastes, the natural oxygen in the water cannot cope
with the load.

INADEQUATE WATER SUPPLY

The drift-crystalline rock province has thin aquifers that store
only small supplies of water and yield little water to streams during
dry periods. Although large yields of water probably cannot be
obtained from the province, it is not currently an area of “water
shortage.” Rather, the area is undeveloped and there is no great
demand for large volumes of water.

The residents of Junction City, the only community in the province,
have had some difficulty in obtaining adequate supplies of good quality
water. Supplies for domestic use (yields of a few gallons per minute)
can be obtained within the village limits, but not for large-scale uses.

If the village of Junction City expands in the future and requires
a large supply of water for municipal and industrial development,
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water can be obtained from a more distance source and transported
to the village by pipeline.

A possible source for Junction City's water supply might be to
develop water from thin deposits of saturated sand and gravel near
Mill Creek, several miles to the east of Junction City. An array of
shallow wells or a collector system are possible methods of develop-
ment that would provide a water supply that entailed the least amount
of water-level decline. Other possible sources might be to develop
a surface reservoir on Mill Creek or to obtain water from the Wis-
consin River (5 miles to the east) or from the Little Eau Pleine River
(6 miles to the north).

EXCESSIVE DECLINES IN WATER LEVEL

Recharge to the sand and gravel aquifers in the sand-plain and drift
provinces is sufficient to permit additional withdrawals without ex-
cessive lowering of the regional water levels, Ilowever, excessive
declines of local water levels might occur if wells are not spaced
properly to minimize interference. The spacing between wells is
determined by the rate and duration of pumping and the hydraulic
characteristics of the aquifer. Figure 16 may be used to estimate the
spacing necessary between wells to prevent excessive declines mn
water level. In the sand-plain province, an adequate distance between
wells pumped at rates of 500 gpm is probably about 1,000 feet and
between wells pumped at rates of 1,000 gpm is probably about 2,500
feet. Observations of water levels and pumpage should be made regu-
larly to give early warning of declining water levels and possible
overdraft.

UNDESIRABLE CHEMICAL QUALITY

The chemical quality of ground water in Portage County is gener-
ally good, but geologic and hydrologic factors are responsible for
local areas having undesirable amounts of iron in the water and for
large areas having hard to very hard water. Although water of such
quality may not be considered desirable for certain uses, it can be
made satisfactory for most uses by treatment. The maps showing the
general distribution of hardness and iron in water (figs. 17, 18) may
be used as guides in locating water having a suitable quality for in-
dustrial, municipal, or domestic uses. Hardness and iron in water
are not considered undesirable qualities for irrigation use.

CONFLICT OF INTERESTS

In the future, even more than at present, the water resources of
the county will be in demand for outdoor recreation, and selected
areas will need to be protected for the preservation of wildlife. Water
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uses that make radical changes in the quantity or quality of water in
streams, lakes, or marshes may affect wildlife that depends on water,
may discourage boating and swimming, and may reduce the tourist
trade. Generally, recreation interests and wildlife require constant-
flowing streams, nonpolluted water, and lake levels subject to only
minor fluctuations.

As mentioned previously, the pumping of irrigation wells and pits
has neither noticeably depleted the flow of streams nor affected the
stages of lakes. If future wells are located properly and the annual
average pumpage is less than the average annual recharge, the sur-
face-water resources will not be seriously depleted. The collection
of additional data on streamflow, ground-water levels, and pumpage
in critical areas is necessary to determine long-term effects of water
use upon the hydrologic regimen.

Although the increasing use of water by municipalities and indus-
tries in the Stevens Point area will reduce the flow of the PPlover River
at the Stevens Point area, it will not affect materially the upstream
flow.

A possible aid to the problem of the conflict of interests over
the use of water would be to designate areas deemed to have the best
potential recreational and wildlife opportunities, areas most suitable
for agriculture, and areas necessary for the expansion of municipali-
ties and industries.

FLOODS

Floods are not considered a current major problem in the county
because: (1) The discharge of the Wisconsin River is well regulated
with storage reservoirs, (2) surface runoff to the Waupaca and Little
Wolf Rivers and to streams draining the sand-plain province is small,
and reported high-water marks indicate that flood plains are not
extensive, and (8) the northwestern part of the county that is subject
to floods is sparsely populated and the flood plains are not generally
in use.

Floods may be a future problem if homes, businesses, farms, and
roads are developed in areas subject to flooding. Adequate zoning of
flood plains will identify the limits of flood stages and will aid in
the protection of property and lives. Flood plains might be reserved
for uses not affected significantly by flooding. Flood-control struc-
tures might be considered in the northwestern part of the county.

RECOMMENDATIONS FOR FUTURE STUDIES

This report provides estimates of the water resources of the county
necessary for initial guidance in developing future water supplies,
but much additional data must be obtained before a comprehensive
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plan can be established for the systematic development and manage-
ment of the total water resources of the area. A continuing inventory
of water resources is needed to evaluate the long-term effects of water
use upon the hydrologic system and to refine or check the conclusions
reached in this investigation, as new data become available. The
inventory should be made of ground-water provinces or drainage
basins and should not be limited to political areas, such as the county.

In order to determine the discharge from the provinces, it will be
necessary to gage streamflow near the mouths of streams draining into
the Wisconsin and Waupaca Rivers. Streamflow data are needed also
at selected points along the streams to determine gains or losses in the
streams and to estimate the long-term effects of water use on stream
discharge. Gaging stations should be established also on the Plover
River above Stevens Point and at Whiting to determine the effects of
industrial and municipal pumping on streamflow.

Information is needed on low flow, flood flow, and the duration of
flow of Mill Creek to determine the hydrologic feasibility of develop-
ing a surface-water reservoir near Junction City. The extent of flood
plains needs to be determined.

The network of observation wells should be expanded to determine
more accurately the seasonal fluctuations of water levels and to deter-
mine the effects of water use on water levels and ground-water storage.
Test wells need to be drilled to determine more accurately the thickness
of the aquifer, and aquifer tests should be made to refine the estimate
of the hydraulic characteristics of the aquifer. Periodic canvasses of
newly constructed wells should be made to determine their location and
to extend current information on the availability of ground water.

The use of water for all purposes should be appraised and evalu-
ated continually for effective water management.

A detailed study should be made to determine areas of ground-water
pollution and the movement of polluted water to points of discharge.

The present information on the occurrence of iron in ground water
could be refined by obtaining additional data on the change of iron
concentration with depth and areal extent, and on the effects of pump-
age and drainage on the amount of iron in solution.

CONCLUSIONS

The results of the study have shown that, in most parts of Portage
County, good water is plentiful, cheap, and taken for granted. Port-
age County has nearly 9,000 acres of public surface water which in-
cludes 104 lakes, about 110 miles of trout streams, and the large flow
of the Wisconsin River. Thick and extensive deposits of sand and
gravel, sandy till, and alluvium store about 7 million acre-feet of
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water and release annually about 460 cfs of water to the streams.
With reasonable use and management of these abundant and renewable
resources, the county is not likely to have problems of depletion or of
general scarcity of water in the foreseeable future.

The hydrologic and geologic characteristics of the sand-plain, drift,
and drift-crystalline rock provinces are briefy summarized in figure 20.

Portage County receives annually about 31 inches of precipitation,
of which about 6 inches accumulates on the surface as snow. The av-
erage annual loss of water through evapotranspiration is about 21
imnches. The average annual rate of evapotranspiration from surface-
water bodies is about 31 inches and from soil moisture and ground
water is about 20 inches. The average annual water yield is about
10.6 inches and consists of about 10.3 inches of runoff to the Wisconsin,
Waupaca, and Little Wolf Rivers, about 0.2 inch of water which leaves
the county as ground-water underflow, and about 0.1 inch of water
which is used consumptively.

Water for industry, irrigation, or other large-scale use is available
from wells in the sand-plain and drift provinces of the county. The
best areas for development of large ground-water supplies are in sand
and gravel deposits in the central and southern parts of the sand-plain
province, and in sand and gravel deposits in the Waupaca River valley,
the Radley and Murry Creek areas, and the Rosholt area in the drift
province. The large and sparsely inhabited southwestern part of the
sand-plain province appears to be especially promising for the poten-
tial development of large quantities of ground water. The water
potential in the vicinty of most of the cities and towns is adequate for
the expansion of their public water supplies.

In the northwestern part of the county, however, where water 1s
locally scarce or poor in quality, the problems of developing or main-
taining an adequate water supply are of immediate and vital concern.
The greatest problem area is Junction City where only a limited sup-
ply of poor quality water is available. Additional supplies of water
for Junction City possibly can be obtained from shallow sand and
gravel deposits that occur in the Mill Creek area, several miles east
of the village, or from the Wisconsin River, about 5 miles to the east.

The yield of wells generally increases with the depth of penetra-
tion and the length of the screen or gravel pack. In the sand-plain
province, a properly constructed well, developed in the sand and gravel
aquifer and having about 50 feet of screen or gravel pack, probably
would yield 1,500 to 2,000 gpm.

In the sand-plain and drift provinces, ground-water runoff is large
(about 9 inches a year) and surface runoff is small (about 1 inch a
year) and of short duration. In the drift-crystalline rock province,
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however, ground-water runoff is small (about 2 inches a year) and
surface runoff is large (about 8 inches a year) and varies greatly in
rate of flow.
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SUMMARY OF HYDROLOGIC CONDITIONS OF PROVINCES

Drift-crystalline rock province.—Thin deposits of clay till, outwash, and alluvium
overlying crystalline rock. Only small water supplies developed from outwash,
alluvium, and joints in bedrock. Hardness of water ranges from soft to very
hard. Iron content may be objectionable locally. Ground-water runoff is small,
and surface runoff is large.

Dift province—Thick deposits of sandy till: glaciofluvial deposits of sand,
gravel, silt, and clay; and alluvium and marsh deposits underlain by crystalline
rock in the north and sandstone in the south. Adequate domestic water supplies
are available almost everywhere. Wells yielding as much as 500 gpm can be
developed from thick deposits of sand and gravel.

Chemical quality of water is generally satisfactory although iron content may
be objectionable locally., The water ranges from hard to very hard. Ground-
water runoff is large, and surface runoff is small and of short duration.
Sand-plain province.—Predominantly sand and gravel; some silt and clay. Has
large areal extent and average thickness of 100 feet. Underlain by crystalline
rock in the north and sandstone in the south. Wells yielding 1,000 gpm can be
developed in most of the area. Chemical quality of water is generally satis-
factory, although iron content may be objectionable locally. Hardness ranges
from soft to very hard. Ground-water runoff is large, and surface runoff is small
and of short duration.

FI6URE 20.—Map of Portage County showing ground-water provinces. Base from
Wisconsin Highway Commission road map.
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Under current conditions in Portage County, ground-water reser-
voirs are full to overflowing. Streamflow and springs are sustained
by the almost constant discharge of ground water. Wetlands and the
stages of lakes and ponds are maintained by a water table that fluctu-
ates seasonally only a few feet. The pumping of high-capacity ir-
rigation wells has not materially depleted the flow of streams or
lowered the stages of lakes, because the wells are widely spaced,
pumped less than 3 months per year, and the annual average pumpage
is considerably less than the average annual recharge. To prevent ex-
cessive declines in water levels because of interference between wells
pumping about 1,000 gpm, the wells should be spaced about 2,500 feet
apart. So long as the high-capacity wells are spaced adequately and
the average annual pumpage is less than the average annual recharge,
there will be no significant declines in regional water levels. In the
Stevens Point area, heavy pumping from industrial and municipal
wells induces recharge from the Plover River.

Water is used for many purposes in the county—to sustain plant and
animal life, to generate power, in manufacture of goods, and for cool-
ing. In 1960, about 12.8 mgd of ground water was withdrawn from
wells and pits, of which about 48 percent was used by self-supplied in-
dustry, about 30 percent for irrigation, about 16 percent for public sup-
ply, and about 6 percent for domestic and stock purposes. About one-
third of all ground water withdrawn was used consumptively. The
withdrawal of surface water in 1960 was about 0.3 mgd, excluding
the water used for generation of electric power.

The chemical quality of ground water is generally good, but hard
water and undesirable amounts of iron create local treatment problems.
The water of best chemical quality occurs in the outwash sand and
gravel near the Wisconsin River. Hard to very hard water is common
to the glacial drift in the eastern part of the county and is also found in
several areas in the outwash plain. Objectionable quantities of iron
are present in many areas of the county, and the greatest concentration
is in the central part of the outwash plain. Most of the areas having
iron problems are in swamps and marshes or areas where the movement
of ground water is very slow.

Pollution of ground water is a present and potential problem in
the Amherst, Bancroft, Junction City, Plover, Rosholt, Stevens Point,
and Whiting areas where housing is concentrated, the water table is
near the surface, and pollutants may move readily into the aquifer.
Several methods have been suggested for correcting the pollution
problem.
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